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SUMMARY 

Equations  are  presented  for  estimating  merchantable  and  sawtimber 
volumes  for  natural  even-aged  stands  of  loblolly  pine  in  the  West  Gulf  Coastal 
Plain  for  woods-run  conditions.  The  equation  system  can  be  used  to  predict 
current  and  projected  volumes  for  cubic  feet  and  board  feet  (Doyle,  Scribner, 
and  International  i/4-inch). 
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INTRODUCTION 

Loblolly  pine  (Pinus  taeda  L.)  is  the  predominent 
commercial  pine  species  on  the  West  Gulf  Coastal 
Plain  —  south  Arkansas,  Louisiana,  and  east  Texas. 
Despite  its  importance,  information  regarding  saw- 
timber  yields  of  natural  even-aged  stands  on  this 
region  is  lacking.  Sawtimber  information  for  nor- 
mally stocked  stands  on  the  West  Gulf  is  available 
(U.S.D.A.  Forest  Service  1976,  Meyer  1942),  but  not 
for  stands  with  variable  densities.  Results  for  vari- 
able densities  given  by  Schumacher  and  Coile  ( 1960) , 
Brender  and  Clutter  (1970),  and  Burkhart  et  al. 
(1972)  were  developed  for  the  Southeast. 

This  paper  presents  equations  for  determining 
current  and  projected  board-foot  volumes  (Doyle, 
International  l^-inch,  and  Scribner  log  rules),  cur- 
rent and  projected  cubic-foot  volumes  (merchantable 
and  sawtimber),  and  projected  sawtimber  and  mer- 
chantable basal  areas  for  natural  even-aged  stands 
of  loblolly  pine  on  the  West  Gulf  Coastal  Plain. 
Because  improved  basal  area  projection  equations 
have  been  developed,  the  findings  presented  here 
supersede  previous  results  found  in  Murphy  and 
Sternitzke  (1979). 


DATA 

Forest  Survey 

Part  of  the  information  utilized  in  this  study  is 
from  forest  surveys  conducted  by  the  Forest  Inven- 
tory and  Analysis  Unit  of  the  Southern  Forest 
Experiment  Station,  USDA  —  Forest  Service,  as 
part  of  a  nationwide  Forest  Survey.  Plot  locations 
are  at  the  intersections  of  a  3-mile  square  grid.  In- 
formation is  collected  according  to  standard  pro- 
cedures   (Renewable    Resources    Evaluation    Staff 


1978)  at  forested  locations.  Plots  consist  of  10-point 
samples  systematically  dispersed  66  feet  apart  over 
about  1  acre. 

Forest  Survey  data  for  the  West  Gulf  Coastal 
Plain  had  been  used  previously  for  developing  equa- 
tions to  predict  current  and  projected  merchantable 
cubic-foot  volumes  and  projected  merchantable  basal 
areas  for  loblolly  pine  (Murphy  and  Sternitzke  1979) . 
About  145  plots  were  used  at  that  time,  and  they  had 
to  conform  to  the  following  requirements:  (1)  at 
least  half  of  the  merchantable  basal  area  (trees  5 
inches  dbh  or  larger)  in  the  initial  survey  was  lob- 
lolly pine;  (2)  all  ten  points  were  recovered  in  the 
remeasurement  survey;  (3)  site  tree  information  was 
collected  from  loblolly  sample  trees;  (4)  there  was 
no  catastrophic  mortality;  (5)  the  stands  were  even- 
aged  and  natural  in  origin;  and  (6)  there  was  no  dis- 
turbance by  logging  or  other  activity  between  mea- 
surements. The  time  between  surveys  averaged  ten 
years.  The  general  location  and  dates  of  the  surveys 
are  south  Arkansas,  1969  and  1978;  Louisiana,  1964 
and  1974;  and  east  Texas,  1965  and  1975. 

The  same  data  were  used  for  the  present  study. 
Table  1  gives  the  plot  distribution  by  age,  site  index 
(base  age  50),  and  loblolly  merchantable  basal  area 
per  acre  at  the  initial  measurement.  Geographical 
locations  are  shown  in  figure  1. 

Merchantable  cubic-foot  volumes  (ib)  from  a  1- 
foot  stump  to  a  4-inch  top  (ob),  were  calculated  for 
3,499  loblolly  pine  trees,  5  inches  dbh  and  larger, 
using  upper  stem  measurements  that  were  collected 
during  the  remeasurement  surveys.  Sawtimber  cubic- 
foot  volumes  (ib)  from  a  1-foot  stump  to  a  7-inch 
top  (ob)  were  calculated  for  2,818  loblolly  pine  trees, 
9  inches  dbh  and  larger,  also  using  upper  stem  mea- 
surements. Board-foot  volumes  (Doyle,  International 
1/4 -inch,  and  Scribner)  were  determined  for  the  same 
2,818  trees  by  16-foot  logs  with  a  0.3-foot  trim  allow- 
ance and  for  the  top  section  to  a  7-inch  top  (ob). 
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Figure  1. — Geographical  distribution  of  145  Forest  Survey  sample  plots 
in  Arkansas,  Louisiana,  and  Texas. 


Volume  equations  were  fitted  using  these  indi- 
vidual tree  volumes  as  data.  For  cubic  volume,  the 
functions  fitted  by  weighted  least  squares  (SAS 
Institute  1979)  were: 

Ym  =  Xo  +  AiD^Hn. 

Ys 


where 

Yn. 

Ys 
D 

Hm 


po  +  piD^Hs, 


=  merchantable  cubic-foot  volume, 
=  sawlog  cubic-foot  volume, 
=  diameter  breast  height  (ob)  in  inches, 
=  merchantable  height,  in  feet,  from  a  1-foot 
stump  to  a  4-inch  top  (ob), 
Hs    =  sawlog  height,  in  feet,  from  a  1-foot  stump 
to  a  7-inch  top  (ob), 
1/D^H„,  =  weight  for  merchantable  volume, 
l/D^Hs  =  weight  for  sawlog  volume, 
Xi,  Pi        =  coefficients  to  be  estimated. 
The  resulting  equations  are: 

Yn,  =  0.41957  +  0.0025391D2H,,,,  R^  =  0.976 
Ys    =  2.1607  +  0.0022992D2Hs,  R^  =  0.962. 
Board-foot  volumes  for  the  three  log  rules  were 
fitted  by  least  squares  using  the  equation: 

ln(L)  =  ^0  +  ^iln(D)  +  02ln(Hs), 
where 

L  =  board-foot  volumes,  inside  bark,  from  a  1-foot 
stump  to  a  7-inch  top  (ob). 


di  =  coefficients  to  be  estimated, 
and   In  denotes  the  logarithm  to  the  base  e.  The 
variables  D  and  Hs  have  already  been  defined.  Table 
2  gives  the  coefficient  estimates  and  the  associated 
R2's. 

The  following  plot  variables  were  determined  for 
loblolly  pine:  (1)  site  index  from  equations  developed 
by  Farrar  (1975),  (2)  stand  age  in  years  at  both 
measurements,  (3)  merchantable  basal  area  per  acre 
of  trees  5  inches  and  larger  at  the  first  measurement 
and  of  the  same  trees  at  remeasurement,  (4)  the 
merchantable  volume  of  these  trees  at  both  mea- 
surements, (5)  basal  area  per  acre  of  sawtimber  trees 
9  inches  or  larger  at  either  measurement,  and  (6) 
the  cubic-foot  volume  and  board-foot  volume  in  the 
sawlog  portion  of  these  same  sawtimber  trees  for 
both  measurements.  The  plot  summarization  pro- 
cedures by  Beers  and  Miller  (1964)  were  followed. 

Arkansas 

Additional  data  were  utilized  from  information 
collected  by  Ku,  Sweeney,  and  Shelburne  (1977). 
These  data  were  part  of  a  cooperative  study  by  the 
Department  of  Forestry  at  the  University  of  Arkan- 


Table  1. — Plot  distribution  by  ase.  site  index  (base  a^e  50).  and  loblolly  pine  merchant- 
able basal  area  at  initial  measurement  for  Forest  Survey  plots 


Ace 

Site  index 

Basal  area  per  < 

acre  (ft-) 

<20 

21-40 

41-60 

61-80 

81-100 

101  + 

feet 

-  number 

of  plots 

total 

<70 

71-80 

2 

2 

<20 

81-90 
91-100 

5 

3 
6 

3 

1 

9 
9 

101  + 
Total 

3 

9 

2 

1 

2 

17 

10 

18 

5 

2 

2 

0 

37 

21-30 

<70 

1 

1 

71-80 

5 

7 

4 

16 

81-90 

2 

8 

8 

3 

1 

22 

91-100 

1 

5 

9 

4 

19 

101  + 
Total 

0 

2 

2 

4 

8 

21 

23 

9 

0 

1 

62 

31-40 

<70 

71-80 

1 

1 

1 

3 

81-90 

2 

4 

2 

3 

11 

91-100 

2 

4 

3 

1 

2 

12 

101  + 
Total 

1 

1 

2 

1 

4 

9 

6 

5 

3 

28 

41-50 

<70 
71-80 
81-90 
91-100 

101  + 

Total 

1 

2 
1 

1 
1 

2 

1 

1 

3 
3 
2 

2 

0 

1 

5 

3 

1 

0 

10 

51  + 

<70 

71-80 

1 

2 

1 

4 

81-90 

1 

1 

2 

91-100 

1 

1 

2 

101  + 
Total 

0 

1 

3 

2 

2 

0 

8 

All  ages 

<70 

1 

1 

71-80 

8 

9 

9 

1 

1 

28 

81-90 

7 

13 

13 

9 

4 

1 

47 

91-100 

1 

13 

18 

9 

1 

2 

44 

101  + 
Total 

3 

9 

5 

3 

4 

1 

25 

19 

45 

45 

22 

10 

4 

145 

sas  at  Monticello  and  the  Arkansas  Forestry  Com- 
mission to  gather  data  in  Arkansas  on  site  and  stand 
information  in  stands  infested  with  the  southern 
pine  beetle  (Dendroctonus  frontalis  Zimm.).  Some 
227  plots  were  also  installed  to  collect  baseline  in- 
formation on  average  stand  conditions  in  south  Ar- 
kansas. The  baseline  plots  were  distributed  one  per 
township  in  counties  comprising  the  study  area;  the 
data  were  collected  on  variable  radius  plots  in  1976- 
1977. 

One  hundred  fifty-one  of  these  plots  were  selected 
to  supplement  the  Forest  Survey  data  for  a  better 
representation  by  age,  site,  and  density  (see  table  3). 
Plots  had  to  meet  the  same  criteria  and  were  sum- 


marized in  the  same  manner  described  in  the  previous 
section.  The  location  of  the  151  plots  by  counties  is 
shown  in  figure  2. 

Table  2. — Coefficients  for  board-foot  volume  equations 


Estimate 


Log  rule 


R-square' 


Doyle  -7.8923     3.1146     1.0523  0.951 

Scribner  -5.1282     2.3662     0.97602  0.956 

International  1/4 -inch    -4.3121     2.1369     0.96865  0.959 


'Logarithmic  scale,  base  e 


MODEL  DEVELOPMENT 

A  set  of  equations  for  predicting  projected  mer- 
chantable and  sawtimber  basal  areas  as  well  as  cur- 
rent and  projected  volumes  has  been  developed 
(Murphy  1983)  and  was  extended  here  to  include 
board-foot  volumes.  The  equation  system  is: 

(1-m,) 
(1)  B„2  =  [niA,  -  [ni/ki  -  Bn,i  ] 

-ki(l-mi)     l/(l-mi) 
(A2/A1)  ] 

(l-mz) 

(2)  Bs2    =  Bn,2   [1  -   [1  -   (Bsl/B„,l)  ] 

-kzd-mz)    l/d-mz) 
(A2/A,)  ] 

(3)  Cmi  =  exp[Q!o  +  aiQ  +  a2/A|  +  a3ln(Bmi]  , 

(4)  Csi  =  exp[)8o  +  /3iQ  +  /32/Ai  +  /SalnCBsi)]  , 

(5)  Di    =  expCyo  +  yiQ  +  y2/Ai  +  yalnCBsi)], 

(6)  Si    =  exp[o-o  +  o-iQ  +  0-2/Ai  +  o-3ln)Bsi)], 

(7)  fi     =  exp[0o  +  (^iQ  +  (^2/Ai  +  <^3ln(Bsi)], 

where 


Ai 
Bs 


Q 

c„ 


Bmi  =  basal  area  in  square  feet  per  acre  of  loblolly 
pine  trees  5  inches  dbh  and  larger,  at  the  ith 
occasion; 
=  stand  age,  in  years,  at  the  ith  occasion; 
=  basal  area  in  square  feet  per  acre  of  loblolly 
pine  trees  9  inches  dbh  and  larger,  at  the  ith 
occasion; 
=  site  index  in  feet  at  base  age  50, 
=  cubic-foot  volume  (ib)  per  acre  of  loblolly 
pine  trees  5  inches  dbh  and  larger  from  a 
1-foot  stump  height  to  a  4-inch  top  diameter 
(ob)  at  the  ith  occasion; 

Csi  =  cubic-foot  volume  (ib)  per  acre  of  loblolly 
pine  trees  9  inches  dbh  and  larger,  from  a 
1-foot  stump  to  a  7-inch  top  diameter  (ob) 
at  the  ith  occasion; 

Di  =  board-foot  volume  per-acre  (Doyle  measure) 
of  loblolly  pine  trees  9  inches  dbh  and  larger, 
from  a  1-foot  stump  to  a  7-inch  top  diameter 
(ob)  at  the  ith  occasion; 

Si  =  board-foot  volume  per-acre  (Scribner  mea- 
sure) of  loblolly  pine  trees  9  inches  dbh  and 
larger,  from  a  1-foot  stump  to  a  7-inch  top 
diameter  (ob)  at  the  ith  occasion; 

li  =  board-foot  volume  per-acre  (International 
1/4 -inch  measure)  of  loblolly  pine  trees  9 
inches  dbh  and  larger,  from  a  1-foot  stump 


Figure  2. — Geographic  distribution  of  151  supplementary  plots  in  south  Arkansas. 


to  a  7-inch  top  diameter   (ob)   at  the  ith 

occasion; 
ni,  nii,  ki,  Qfi,  P\,  y\,  cti,  and  (/>:  are  coefficients  to  be 
estimated;  In  is  the  logarithm  to  the  base  e;  and 
exp  denotes  the  exponent  of  e. 

Note  that  sawtimber  basal  area  is  a  component  of 
merchantable  basal  area  by  definition.  The  equations 
were  fitted  using  nonlinear  seemingly  unrelated  re- 
gressions (SAS  Institute  1980).  For  details  on  using 
this  technique  for  fitting  growth  and  yield  equations, 
see  Murphy  (1983).  The  basal  area  equations  were 
fitted  using  the  145  Forest  Survey  Plots.  The  stand 
volume  equation  coefficients  were  determined  using 


both  beginning  and  ending  volumes  from  the  Forest 
Survey  plots  (290  observations)  and  the  Arkansas 
data  (151  observations)  for  a  total  of  441  observa- 
tions. 

The  resulting  equations  for  predicting  merchant- 
able and  sawtimber  basal  area  per  acre,  respectively, 
are 

B;r,2  =  [.0020518/1.5662-  [.0020518/1.5662- 


(1-2.2332) 

Bml  ] 

1.5662(1-2.2332)  1  1/(1-2.2332) 
(A2/A,) 


] 


Table  3. — Plot  distribution  by  age,  site  index  (base  age  50).  and  loblolly  pine  merchant- 
able basal  area  for  Arkansas  plots 


Basal  area 

per  acre 

(ft2) 

Age 

Site  index 

<20 

21-40 

41-60 

61-80 

81-100 

101  + 

feet 

-number 

of  plots 

total 

y€ors 

<70 

1 

1 

<20 

71-80 
81-90 

1 

2 

2 

1 

3 
3 

91-100 

1 

1 

2 

4 

101  + 
Total 

1 

2 

2 

1 

1 

2 

9 

2 

2 

5 

2 

6 

3 

20 

21-30 

<70 

1 

1 

1 

1 

1 

5 

71-80 

1 

1 

2 

1 

1 

6 

81-90 

2 

1 

1 

2 

1 

7 

91-100 

1 

4 

1 

7 

13 

101  + 
Total 

1 

2 

2 

2 

7 

4 

2 

6 

9 

6 

11 

38 

31-40 

<70 

3 

1 

2 

6 

71-80 

3 

6 

3 

3 

1 

16 

81-90 

5 

2 

4 

2 

4 

18 

91-100 

1 

2 

1 

1 

1 

6 

101  + 
Total 

1 

9 

11 

10 

6 

6 

47 

41-50 

<70 
71-80 

1 

1 

3 

3 

7 
4 

81-90 

4 

2 

1 

1 

9 

91-100 

2 

2 

101  + 
Total 

1 

1 

5 

6 

5 

3 

0 

23 

51  + 

<70 
71-80 

3 
2 

1 
4 

5 
6 

81-90 

2 

3 

1 

6 

91-100 

2 

1 

2 

1 

6 

101  + 
Total 

0 

3 

10 

6 

3 

0 

1 

23 

All  ages 

<70 

4 

8 

4 

6 

2 

24 

71-80 

6 

3 

17 

4 

3 

2 

35 

81-90 

6 

12 

5 

7 

7 

6 

43 

91-100 

3 

5 

8 

6 

9 

31 

101  + 

2 

2 

3 

4 

3 

4 

18 

Total 

18 

28 

34 

29 

21 

21 
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[(1—0.18171)  "^^  evaluation   of  the  predictive  abilities  of  the 

1  _  [1  —  (Bsi/Bmi)  ]  different  equations  is  contained  in  table  4.  The  mean 

'^c^'7RR(^    n  18171  ">   11/(1—0  18171)        difference   criterion   indicates   that   the   basal   area 
/  A   /  A  \   ■  '  equations  have  a  slight  negative  bias.  Percent  root 

mean  square  errors  are  less  than  or  equal  to  34  per- 
The  following  equations  are  used  to  predict  stand  cent  for  volumes,  except  for  the   Doyle  rule.  The 

volumes  larger  variation   in   Doyle  is   due   to   the   inherent 

nature  of  this  log  rule.  The  ratio  of  board-feet  to 

C,„i  =  exp    [2.9679    4-    0.01076Q  —  22.785/Ai    +  cubic-feet  increases  much  more  rapidly  in  the  Doyle 

0.985901n(Bmi)]  ,  rule  than  for  the  Scribner  and  International  14 -inch. 

A  small  change  in  diameter  can  result  in  a  large 

Csi  =  exp  [3.0350  +  0.0096502Q  -  22.595/Ai   +  change    in    the   board-foot    to    cubic-foot    ratio    in 

0.952221n(Bsi)]  ,  smaller  trees,  and  volumes  can  be  quite  variable  in 

young  stands.  As  stand  age  increases,  however,  this 
Di    =  exp  [4.8481   +    0.020742Q  -  45.895/Ai  +  variation  decreases. 

0.74294ln(Bsi)]  , 

S,    =  exp   [4.9716   +  0.013965Q  -  32.890/Ai   +  APPLICATION 

0.875551n(Bsi)]  , 

One  of  the  many  potential  uses  for  the  equation 
li     =  exp   [5.0598   +   0.012151Q  —  29.448/Ai   +  system  is  to  obtain  current  and  projected  volumes 

0.911061n(Bsi)]  .  for  an  existing  stand.  For  example,  suppose  a  loblolly 

Table  4. — Evaluation  of  prediction  equations  by  different  criteria 

Number  of  Criterion 

observations         pi  ^2  RMSE3  D%4       RMSE%5 

ft2 percent 

Basal  area: 

Merchantable                                    145                 .90                  -1.3                 8.6  -1                 13 

Sawtimber6                                        134                 .79                  -1.4               11.4  0                 22 

-—ft' 

Merchantable  Volume  441  .94  -1  214  2  19 

Sawtimber  volume 

Cubic6  420  .96  -3  150  3  19 

ffym 

Doyle  ru1e8  420  .85  30  1.245  22  64 

Scribner  rule^  420  .92  9  1.212  9  34 

International  Vi-inch  rule^  420  .94  -1  1,255  7  28 

iFit  index  F  ::^  1  _  2(Yi  -  Yi)2/2(Yi  -  Y)2 

_        2. 
2Mean  difference  D  =  n  2  (Y^  -  Yj) 

3Root  mean  .square  error  RMSE  =       V    „  SCYj  -  Yj)2 

i\^fYi-Yi\ 
''Percentage  of  mean  difference  D%  =  n  /     ^\        Y^       J 

I  ^\^{Y■,  -  Yi\  . 

^Percentage  of  root  mean  square  error  RMSE%  =      \!  ~  /      \  — ~v "  I  '  ^   ^^^ 

where  n   =   number  of  observations,  Yj   =   observed  value,  Yj   =  predicted  value,  and  Y  =  observed 
mean  value. 

^Observations  where  Y,  =  0  were  not  used  in  calculating  the  criteria. 

6 


D. 


pine  stand  is  25  years  old,  has  a  merchantable  basal 
area  of  75  square  feet  per  acre,  contains  35  square 
feet  per  acre  of  basal  area  in  sawtimber-sized  trees, 
and  grows  on  land  that  has  a  site  index  of  95  feet. 
Estimates  are  desired  for  the  current  stand  volumes 
as  well  as  what  they  may  be  in  5  years.  The  present 
volumes  are 

Cn,i  =  exp(2.9679  I  0.010761(95)  -(22.785/25)  + 

0.985901n(75)  },  =  1,534  cubic  feet. 
Csi    =  exp{3.0350  +  0.0096502(95)  -(22.595/25) 
+  0.952221n(35)  ),  =  622  cubic  feet. 
exp{4.8481   +  0.020742(95)  -(45.895/25) 
+    0.74291n(35)    },    =    2,047    board-feet, 
Doyle  rule. 

exp(4.9716  +  0.013965(95)  -(32.890/25)  + 
0.875551n(35)  },  =  3,280  board-feet,  Scrib- 
ner  rule. 

exp{5.0598  f  0.012151  (95)  -(29.448/25)  + 
0.911061n(35)  },  =  3,926  board-feet.  Inter- 
national 14 -inch  rule. 
To  obtain  projected  volumes  at  age  30,  it  is  first 
necessary  to  predict  the  basal  areas.  Merchantable 
basal  area  at  age  30  is 

r  0.0020518/1.5662  -  [0.0020518/1.5662  - 
Bm2  =  (1-2.2332) 

L  75  ] 

1.5662(1-2.2332)1  1/(1-2.2332) 
(30/25)  J 

=  91  square  feet. 
After  merchantable  basal  area  has  been  obtained, 
the  projected  sawtimber  basal  area  may  be  calcu- 
lated, 

r  (1-0.18171  ) 

Ll-I 


L 


Bs2  =  91 


[1-  (35/75)  ]  (30/25) 

-3.0768(1-0.18171  )1  1/(1-0.18171  ), 

=  60  square  feet. 
Projected  volumes  are  now  determined  using  pro- 
jected basal  areas, 

Cm2  =  exp{2.9679  +  0.010761(95) -(22.785/30)  + 
0.985901n(91)  },  =  2,160  cubic-feet. 

Cs2  =  exp{3.0350    I    0.0096502(95)  -(22.595/30) 
+  0.952221n(60)  ),  =  1,209  cubic-feet. 


Do 


S2    = 


exp{4.8481  +  0.020742(95)  -(45.895/30) 
+  0.742941n(60)  },  =  4,149  board-feet, 
Doyle  rule. 


=  exp(4.9716  +  0.013965(95) -(32.890/30) + 
0.87555ln(60)  },  =  6,547  board-feet,  Scrib- 
ner  rule. 

I2  -  exp{5,0598  +  0.012151(95)  -(29.448/30) 
+  0.911061n(60)  ),  =  7,807  board-feet,  In- 
ternational 14 -inch  rule. 

The  periodic  annual  growth  for  merchantable  vol- 
ume for  this  example  is  125  cubic-feet  per  acre.  Saw- 
timber   growth   is    117    cubic-feet;    420    board-feet, 


Doyle  rule;  653  board-feet,  Scribner  rule;  and  776 
board-feet.  International  14 -inch  rule. 

The  equations  or  tables  can  also  be  used  to  evalu- 
ate the  probable  yields  that  might  result  from  adopt- 
ing a  certain  harvesting  schedule.  Consider  a  20-year 
old  stand  of  loblolly  pine  which  has  110  square  feet 
of  merchantable  basal  area  per  acre,  30  square  feet  of 
sawtimber  basal  area,  and  occurs  on  land  with  a  site 
index  of  90  feet.  The  harvest  schedule  under  con- 
sideration is  to  thin  periodically  from  below  to  80 
square  feet  of  merchantable  basal  area  and  harvest 
the  stand  at  age  45.  The  yield  that  might  accrue 
from  this  strategy  can  be  determined  by  using  the 
tables  in  the  appendix. 

The  merchantable  basal  areas  before  thinning  for 
ages  20-45  are  determined  first.  The  merchantable 
basal  area  of  110  square  feet  will  be  reduced  at  age 
20  to  80  square  feet.  The  projected  merchantable 
basal  area  at  age  25  is  determined  from  table  6,  and  it 
is  101  square  feet  per  acre.  The  stand  is  thinned,  and 
the  merchantable  basal  area  is  reduced  again  to  80 
square  feet.  The  projected  basal  area  at  age  30  is 
determined;  it  is  97  square  feet.  The  projected  mer- 
chantable basal  areas  at  ages  30  through  45  years 
are  determined  in  a  similar  manner.  The  following 
tabulation  can  now  be  constructed  for  merchantable 
basal  area: 


Age 

Before  cut 

After  cut 

Yield 

years 

ff'/nnrp 

20 

110 

80 

30 

25 

101 

80 

21 

30 

97 

80 

17 

35 

94 

80 

14 

40 

92 

80 

12 

45 

91 

91 

Total 

185 

Projected  sawtimber  basal  areas  are  calculated 
next.  Sawtimber  basal  area  growth  depends  upon 
merchantable  basal  area.  It  will  change  wherever 
merchantable  basal  area  is  reduced  by  cutting,  even 
if  no  sawtimber  basal  area  is  harvested.  None  of  the 
sawtimber  basal  area  is  cut  at  age  20,  since  it  is 
not  greater  than  80  square  feet.  The  projected  saw- 
timber basal  area  at  age  25  is  found  by  using  table 
7.  Given  a  merchantable  basal  area  of  80  at  age  20 
with  a  sawtimber  basal  area  of  30  square  feet,  the 
projected  sawtimber  density  at  age  25  is  64  square 
feet.  Since  it  is  still  less  than  80,  no  thinning  in  the 
sawtimber  portion  occurs.  The  projected  basal  area 
at  age  30  of  84  square  feet  is  found  in  a  similar  man- 
ner by  using  the  densities  at  age  25  and  interpolation. 
The  sawtimber  density  is  now  reduced  to  80  square 


feet,  and  projected  densities  for  sawtimber  are  equal 
to  those  for  merchantable  basal  area.  Using  the  same 
procedure,  the  basal  area  at  age  35  is  94  feet.  The 
sawtimber  basal  areas  through  rotation  age  45  are: 


Yield 


Age 

Before  cut 

After  cut 

(*2  /nr»w^  ~. 

years 
20 

30 

—  jir/acre 
30 

25 

64 

64 

30 

84 

80 

35 

94 

80 

40 

92 

80 

45 

91 

Total 

4 
14 
12 
91 


121 


The  volumes  associated  with  these  basal  areas  can 
now  be  calculated  using  the  above  figures.  Merchant- 
able cubic-foot  volumes  are  found  in  table  8.  Given 
a  site  index  of  90  feet,  age  20  years,  and  a  merchant- 
able basal  area  of  110  square  feet,  the  merchantable 
volume  is  1,688  cubic  feet  before  thinning.  The 
volume  after  thinning  to  80  square  feet  is  1,233  cubic 
feet,  and  the  cut  is  455  cubic  feet.  The  volumes  for 
the  other  ages  are  found  in  like  manner  to  yield  the 
following  tabulation  for  merchantable  volumes: 


Age 

Before  cut 

After  cut 

Yield 

■f+3  Z^^.rt 

years 

—  J  t  /acre 

20 

1,688 

1,233 

455 

25 

1,949 

1,549 

400 

30 

2,180 

1,803 

377 

35 

2,355 

2,009 

346 

40 

2,502 

2,180 

322 

45 

2,637 

2,637 

Total 

4,537 

The  cubic-foot  volumes  harvested  in  sawtimber  are 
determined  from  table  9  by  using  stand  age,  site 
index,  and  sawtimber  basal  area.  Those  volumes  are 
shown  in  the  following: 


Age 


Before  cut 


After  cut 


Yield 


years 

jV/acre 

20 

408 

408 

25 

1,053 

1,053 

30 

1,587 

1,515 

72 

35 

1,967 

1,687 

280 

40 

2,089 

1,829 

260 

45 

2,201 

2,201 

Total 

2,813 

The  following  board-foot  volumes,  Doyle  rule,  were 
calculated  from  table  10. 


Age 


Before  cut 


After  cut 


Yield 


20 

1,040 

25 

2,889 

30 

4,802 

35 

6,496 

40 

7,532 

45 

8,487 

Total 

fbm/acre  (Doyle  rule) 
1,040 
2,899 
4,631 
5,763 
6,789 


171 

733 

743 

8,487 

10,134 


The  board  foot  volumes  for  the  Scribner  rule  were 
found  in  table  11. 


Age         Before  cut 


After  cut 


Harvest 


20 

1,923 

25 

5,188 

30 

8,196 

35 

10,578 

40 

11,675 

45 

12,671 

Total 

fbm/acre  (Scribner  rule) 


1,923 
5,188 
7,854 
9,186 
10,331 


342 

1,392 

1,344 

12,671 

15,749 


Finally,  the  board-foot  volumes.  International    1/4- 
inch  rule,  were  calculated  from  table  12. 


Age 


Before  cut 


After  cut 


Harvest 


years     ■■ 

■—fbm/acre  (i 

International  % 

t-inch  rule)  — 

20 

2,392 

2,392 

25 

6,403 

6,403 

30 

9,982 

9,548 

434 

35 

12,724 

10,985 

1,739 

40 

13,860 

12,204 

1,656 

45 

14,893 

14,893 

Total 

18,722 

Average  production  or  mean  annual  increment 
throughout  the  rotation  may  be  found  by  dividing 
the  total  yield  by  the  rotation  age,  45  years  in  this 
case.  Mean  annual  increment  for  merchantable  vol- 
ume for  this  example  is  101  cubic- feet  per  acre  per 
year.  For  the  sawtimber  portion  the  average  pro- 
duction for  the  different  volume  measures  are  63 
cubic-feet;  225  board-feet,  Doyle  rule;  350  board-feet, 
Scribner  rule;  and  416  board-feet.  International  i/i- 
inch  rule. 

Yields  from  other  management  regimes  can  be 
determined  by  following  the  same  procedure. 


Table  5. — Average  loblolly  sawtimber  basal  area — merchantable  basal  area  ratio  by  merchantable  basal 
area,  site  index,  and  age  at  initial  measurement  for  296  study  plots 


Age 


years 


<20 


21-30 


31-40 


41-50 


SH- 


AH ages 


Site 
index 


feet 
<70 
71-80 
81-90 
91-100 
101  + 

All  sites 

<70 
71-80 
81-90 
91-100 
101  + 

All  sites 

<70 
71-80 
81-90 
91-100 
101  + 

All  sites 

<70 
71-80 
81-90 
91-100 
101  + 

All  sites 

<70 
71-80 
81-90 
91-100 
101  + 

All  sites 

<70 
71-80 
81-90 
91-100 

101  + 

All  sites 


Merchantable  basal  area  (ft^) 


<20 


.33 
.37 

.74 


.48 

1.00 
.48 
.67 

1.00 


.63 

.60 
1.00 

1.00 


.73 

.75 
1.00 
1.00 


0.00 
1.00 


.67 

.62 
.52 
.65 
1.00 
.79 


.63 


sawtimber  to  merchantable  basal  area  ratio 


.05 
.51 

.44 


.40 

.69 
.46 

.67 
.80 


.63 
.47 

.89 
.62 


.73 

1.00 
.67 
.94 


.90 

.92 

.93 

1.00 

1.00 


.96 

.73 
.59 
.74 
.68 
.44 


.66 


.10 

.43 
.30 


0.00 

.47 
.37 
.69 


.50 
.30 

.44 


.54 


.31 

.17 
.57 

.57 
.76 

.77 


.56 

0.00 
.62 

.53 
.68 
.79 


.37 
.67 

.73 
.89 
.74 


.54 

.18 
.83 
.50 


.64 

.68 
.78 
.82 


.63 

.21 
.67 
.70 
.68 


.75 

.58 
.70 
.79 
.96 


.58 

1.00 
.76 
.55 
.93 


.76 

.60 
.91 
.83 
.86 
1.00 


.63 

.72 

.90 

.89 

1.00 


.71 


.80 
.95 
.96 


.76 


.84 

1.00 

.77 

.96 


.84 


1.00 
.97 


.91 

.54 
.82 


.83 


.84 

.59 
.67 
.68 
.74 
.56 


.98 

.43 
.66 
.72 
.72 
.79 


.68 

.33 
.57 
.69 
.71 
.68 


.83 

.59 
.78 
.61 
.67 


.68 


.69 


.65 


.69 


.23 


.23 


.59 
.83 


.65 


.56 


.56 


.23 
.59 
.82 


.60 


All 
basal 


21^0        41-60       61-80       81-100      101-120     121+      areas 


0.00 
.24 
.31 
.44 
.49 


.41 

.53 
.49 
.63 
.72 
.78 


.64 

.37 
.66 
.78 
.71 
.96 


.71 

.73 
.89 
.89 
.91 
.99 


.86 

.75 
.80 
.98 
.96 


.59 
.61 
.70 
.70 
.63 


.66 


CONCLUSION 

The  user  should  be  aware  that  the  projected 
merchantable  basal  areas  presented  here  do  not 
include  ingrowth  that  crosses  the  5-inch  dbh  thres- 
hold. Projected  values  will  underestimate  young 
stands  where  ingrowth  is  a  significant  component 
of  basal  area  growth.  As  stand  age  increases,  this 
underestimation  ceases  to  be  a  problem.  However, 
projected  sawtimber  basal  area  does  include  in- 
growth. 


Projection  and  predictions  made  between  20  and 
50  years  in  stand  age,  20  to  100  square  feet  per  acre 
of  merchantable  basal  area,  and  70  to  100  feet  site 
index  (base  age  50)  are  well  within  the  range  of  the 
data  used  in  this  study.  Estimates  outside  these 
ranges  should  be  used  with  caution,  especially  if 
merchantable  densities  are  greater  than  120  square 
feet  per  acre.  Consult  tables  1  and  3  for  further  in- 
formation on  the  sample  data  ranges. 

If  sawtimber  basal  area  estimates  are  not  available 
for  stands  of  interest,  table  5  may  be  used  to  compute 
it  by  using  stand  age,  site  index,  and  merchantable 


basal  area.  The  ratio  of  sawtimber  basal  area  to  mer- 
chantable basal  area  may  be  determined  from  the 
table  and  then  multiphed  by  the  observed  merchant- 
able basal  area  to  obtain  an  estimate  of  sawtimber 
basal  area.  But,  if  at  all  possible,  observed  sawtimber 
density  should  be  used. 

The  stands  represented  by  the  296  sample  plots 
used  in  this  study  run  the  gamut  of  conditions  from 
managed  to  unmanaged  stands  where  species  other 
than  loblolly  can  make  up  to  50  percent  of  the  mer- 
chantable basal  area.  Thus  the  equations  provide 
estimates  of  woods-run  conditions.  Silvicultural  oper- 
ations —  such  as  precommercial  thinning  to  achieve 
early  spacing  and  density  control,  intermediate  cut- 
ting to  promote  sustained  growth  of  the  residual 
stand,  and  periodic  prescribed  burning  or  application 
of  herbicides  to  control  competing  vegetation  — 
should  boost  yields  beyond  those  reported  here.  Be- 
cause production  from  managed  stands  should  be 
greater,  the  volumes  reported  here  provide  a  bench- 
mark by  which  to  evaluate  the  performance  of  man- 
aged stands. 
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■  ~  Projected  nerchan  t  .^^b  le  basal  area    by  initial  nerchantabXe  basal  area. 
i nitial  age,  and  final  age  for  natural  even-aged  stands  of  loblolly 
pine  in  the  Ulest  Gulf 


Initial 

Final 

Initial  Merchantable  basa 

1  area 

(ft') 

age 

age 

30 

40 

50 

60 

70 

80 

90 

100 

110 

years 

; 



-ft'— 

20 

2S 

41 

54 

66 

78 

90 

101 

112 

122 

132 

30 

52 

68 

82 

95 

107 

119 

129 

139 

143 

35 

63 

81 

96 

110 

122 

134 

144 

153 

161 

40 

74 

93 

109 

123 

135 

146 

155 

164 

171 

25 

30 

39 

51 

63 

75 

86 

97 

108 

118 

128 

35 

48 

62 

76 

88 

101 

112 

123 

133 

142 

40 

57 

73 

88 

101 

114 

125 

135 

145 

154 

4S 

66 

83 

99 

113 

125 

136 

146 

155 

163 

30 

35 

37 

49 

61 

72 

83 

94 

105 

115 

125 

40 

45 

58 

72 

84 

96 

107 

118 

128 

138 

45 

52 

68 

82 

95 

107 

119 

129 

139 

148 

50 

60 

76 

91 

105 

118 

129 

139 

149 

157 

3S 

40 

36 

48 

59 

71 

82 

92 

103 

113 

123 

45 

43 

56 

69 

81 

92 

104 

114 

125 

134 

50 

49 

64 

77 

90 

102 

114 

125 

135 

144 

55 

56 

71 

86 

99 

112 

123 

134 

143 

152 

40 

45 

35 

47 

58 

69 

80 

91 

101 

111 

122 

50 

4i 

54 

66 

78 

90 

101 

112 

122 

132 

55 

47 

61 

74 

87 

99 

110 

121 

131 

141 

60 

52 

68 

82 

95 

107 

119 

129 

139 

143 

45 

50 

35 

46 

57 

68 

79 

90 

100 

110 

120 

55 

40 

52 

64 

76 

88 

99 

109 

120 

130 

60 

45 

58 

72 

84 

96 

107 

118 

128 

138 

SO 

55 

34 

46 

57 

67 

73 

89 

99 

109 

119 

60 

39 

51 

63 

75 

86 

97 

108 

118 

128 

60 


34 


45 


67 


77 


88 


98 


108 


12 


Table   7  .  -  --  Pro.jected  <^awtif^ber  basal  avf^fn    by  initial  (merchantable  basal  area, 
initial  age,  and  final  age  for  natural  even -aged  stands  of  loblolly 
pine  in  the  West  Gulf 


Initial 

Initial   Final 

Merchantable 

Initial  s 

awtinber  b 

asal 

area 

(ft') 

aqe      age 

basal  area 

____..__ 

^                •* 

10 

30 

40 

50 

60 

70 

80 

90 

100 

years 

ft'—. 





20      2S 

30 
40 

25 
30 

33 
33 

41 
46 

54 

50 

34 

43 

51 

59 

66 

60 

39 

47 

55 

63 

71 

78 

7  0 

43 

51 

60 

67 

75 

82 

90 

80 

47 

55 

64 

71 

79 

86 

94 

101 

90 

51 

59 

67 

75 

83 

90 

97 

104 

112 

100 

54 

63 

71 

79 

86 

93 

101 

108 

115 

122 

30 

30 
40 

39 
48 

46 
55 

52 
61 

68 

SO 

56 

63 

70 

76 

82 

60 

64 

71 

77 

83 

89 

95 

70 

71 

78 

84 

90 

96 

102 

107 

80 

77 

84 

90 

96 

102 

108 

113 

119 

90 

84 

90 

96 

102 

108 

113 

119 

124 

129 

iOO 

89 

96 

102 

108 

113 

119 

124 

129 

134 

139 

35 

30 
40 

52 
65 

53 
70 

63 
76 

81 

50 

75 

81 

86 

91 

96 

60 

85 

91 

96 

101 

105 

110 

70 

94 

99 

104 

109 

114 

118 

122 

80 

102 

107 

112 

116 

121 

125 

129 

134 

90 

i09 

114 

119 

123 

127 

132 

136 

140 

144 

100 

115 

120 

125 

129 

133 

137 

141 

145 

149 

153 

40 

30 
40 

65 
80 

70 
84 

74 
89 

93 

50 

92 

97 

101 

105 

109 

60 

103 

108 

112 

116 

119 

123 

70 

113 

117 

121 

125 

128 

132 

135 

80 

121 

125 

129 

132 

136 

139 

143 

146 

9  0 

128 

132 

136 

139 

143 

146 

149 

152 

155 

iOO 

134 

138 

142 

145 

149 

152 

155 

158 

161 

164 

2S              30 

30 
40 

22 
26 

30 
35 

39 
43 

51 

50 

30 

38 

47 

55 

63 

60 
70 

33 
37 

42 
46 

51 
54 

59 
62 

67 

70 

75 
78 

86 

13 


Table   7. — Proy 

ec.tecl  sawtinber 

basal 

area 

by  initial 

L  Merchantable 

basal 

area_j_ 

i  n  :i.  t  i  a  1 

aqe,  and  fj. 

nal  aci^  for 

nc(tural  even-a 

qed  stands 

,  of  \ 

obljOlly 

pine 

in 

the  West  Gu 

If  (coi 

n  t  i.  n  u 

pd) 

Initial 

Initial   Final 

Merchantable 

Initial  sawtinber  b 

asal 

area 

(ft') 

a  CJ  e      age 

1 

basal  area 

iO 

20 

30 

40 

50 

60 

70 

80 

90   100 

-F^ 

t2____ 

years 

jl 

25      30 

80 

40 

49 

57 

66 

74 

81 

89 

97 

90 

43 

52 

61 

69 

77 

85 

92 

100 

108 

iOO 

46 

55 

64 

72 

80 

88 

95 

103 

110   118 

35 

30 
40 

33 
41 

41 
48 

48 
55 

62 

50 

43 

55 

62 

69 

76 

60 

54 

62 

69 

76 

82 

88 

70 

60 

68 

75 

82 

88 

94 

101 

80 

66 

74 

80 

87 

93 

100 

106 

112 

90 

71 

79 

86 

92 

99 

105 

111 

117 

123 

iOO 

76 

84 

91 

97 

103 

109 

115 

121 

127   133 

40 

30 

40 

44 
55 

51 
61 

57 
67 

73 

50 

64 

71 

77 

82 

88 

60 

73 

79 

85 

91 

96 

101 

70 

81 

87 

93 

98 

103 

109 

114 

80 

88 

94 

100 

105 

110 

115 

120 

125 

90 

94 

100 

106 

111 

116 

121 

126 

131 

135 

100 

100 

106 

112 

117 

122 

127 

131 

136 

141   145 

45 

30 
40 

55 
68 

61 
73 

66 
78 

83 

50 

79 

84 

89 

94 

99 

60 

89 

94 

99 

104 

108 

113 

70 

98 

103 

108 

112 

117 

121 

125 

80 

106 

111 

116 

120 

124 

128 

132 

136 

90 

113 

118 

122 

127 

131 

135 

139 

142 

146 

iOO 

119 

124 

129 

133 

137 

141 

144 

148 

152   155 

30      35 

30 
40 

20 

23 

29 
32 

37 
41 

49 

50 

26 

35 

44 

53 

61 

60 

29 

39 

47 

56 

64 

72 

70 

32 

41 

50 

59 

67 

75 

83 

80 

35 

44 

53 

62 

70 

78 

86 

94 

90 

38 

47 

56 

64 

73 

81 

89 

97 

105 

100 

40 

50 

58 

67 

75 

83 

91 

99 

107   115 

40 

30 
40 

30 
36 

37 
44 

45 

51 

58 

50 

42 

50 

57 

65 

72 

14 


Table      7  .  -  -  Pro.j^cted    sawtif^ber    basal    area    by    irntial    nerchan  t  <jb  le    bar>al    <-irea  , 
in.i.tj.al    acie ,    and    final    age    for    natural    even-aged    stands    of    loblolly 
pine    in    the    Uest    Gulf    (continued) 


Initial 
age 


Initial 
Final   Merchantable 
age      basal  area 


years 

30      40 


60 


i.O 


Initial  sawtinbe^r  basal  area(  (ft   ) 


10    30 


47 


40    50    60    70    80    90   100 

_2 


ft' 

63    70    77    84 


SO 


35 


40 


45 


70 

80 

90 

100 

30 
40 
50 
60 

70 

80 

90 

10  0 

30 
40 
50 
60 

70 

80 

90 

iOO 

30 
40 
50 
60 

70 

80 

90 

100 

30 
40 
50 
60 

70 
80 

90 
iOO 


53 

61 

68 

75 

82 

89 

96 

58 

66 

73 

80 

87 

94 

lOi 

107 

63 

71 

78 

85 

92 

98 

lOS 

ill 

118 

67 

75 

82 

89 

96 

103 

109 

116 

122 

39 

46 

52 

48 

55 

61 

68 

56 

63 

70 

76 

82 

64 

71 

77 

83 

89 

95 

71 

78 

84 

90 

96 

102 

107 

77 

84 

9  0 

96 

102 

ioa 

113 

119 

84 

90 

96 

102 

108 

113 

119 

124 

129 

89 

96 

102 

108 

113 

119 

124 

129 

134 

48 

54 

60 

59 

65 

71 

76 

69 

75 

81 

86 

91 

78 

84 

90 

95 

100 

105 

87 

93 

98 

103 

108 

113 

118 

94 

10  0 

105 

110 

lis 

120 

124 

129 

iOi 

107 

112 

117 

121 

126 

131 

135 

139 

107 

113 

118 

123 

127 

132 

136 

140 

145 

18 

23 

36 

21 

30 

39 

48 

24 

33 

42 

51 

59 

27 

36 

45 

54 

62 

71 

29 

39 

47 

56 

65 

73 

82 

32 

41 

50 

59 

67 

76 

84 

92 

34 

43 

52 

61 

70 

78 

86 

95 

103 

36 

46 

55 

63 

72 

80 

39 

97 

105 

27 

35 

43 

32 

41 

48 

56 

38 

46 

54 

61 

69 

42 

51 

59 

66 

73 

81 

47 

56 

63 

71 

78 

85 

92 

52 

60 

68 

75 

83 

90 

97 

10  4 

56 

64 

72 

79 

87 

94 

101 

107 

114 

60 

68 

76 

83 

90 

98 

104 

111 

118 

128 


139 


149 


113 


125 


15 


r  able   7  -  ~  Pro.iected  sawtir^ber  ba<^al  area  by  initial  Merchantable  basal  e^rB'^  f 

in.i,tial  age,  and  final age  f  or  na  t  ur  al  even-aged  stands  of  loblolly 

pine  in  Ihg  Uest  Gulf  (continued) 


Initial 

Initial   Final 

Merchantable 

Initial  s 

awt  iMt 

ler  b 

a  sal 

area 

(ft'^) 

a  cj  e      age 

basal  ar^ea 

iO 

20 

30 

40 

50 

60 

70 

30 

90 

100 

—yeaj's  — 

ff 

1 

J  c 

3S      50 

30 
4  0 

35 
43 

42 

5  0 

49 
57 

64 

50 

50 

58 

64 

71 

77 

6  0 

57 

64 

71 

78 

84 

90 

70 

63 

71 

73 

84 

90 

96 

102 

80 

69 

77 

83 

90 

96 

102 

108 

114 

90 

75 

82 

89 

95 

101 

107 

113 

119 

125 

iOO 

80 

87 

94 

100 

106 

112 

118 

124 

129 

135 

5S 

30 
40 

43 
53 

49 
59 

56 
66 

71 

50 

62 

69 

75 

80 

86 

60 

70 

77 

83 

89 

94 

99 

70 

78 

84 

9  0 

96 

101 

107 

112 

80 

85 

9i 

97 

103 

108 

113 

118 

123 

90 

9i 

98 

103 

109 

114 

119 

124 

129 

134 

iOO 

97 

i03 

109 

114 

120 

124 

129 

134 

139 

143 

40      45 

30 
4  0 

17 
20 

27 
29 

35 
38 

47 

50 

22 

32 

41 

49 

58 

60 

25 

34 

43 

52 

61 

69 

70 

27 

36 

45 

54 

63 

72 

80 

80 

29 

39 

48 

56 

65 

74 

82 

91 

9  0 

31 

41 

50 

59 

67 

76 

84 

93 

101 

100 

33 

43 

52 

61 

69 

78 

86 

95 

103 

111 

50 

30 
40 

25 
30 

33 

38 

41 
46 

54 

50 

34 

43 

51 

59 

66 

60 

39 

47 

55 

63 

71 

78 

70 

43 

51 

60 

67 

75 

82 

90 

80 

47 

55 

64 

71 

79 

86 

94 

101 

90 

5i 

59 

67 

75 

83 

90 

97 

104 

112 

iOO 

54 

63 

71 

79 

86 

93 

101 

108 

115 

122 

55 

30 
40 

32 
39 

40 
47 

47 
54 

61 

50 

46 

53 

60 

67 

74 

60 

52 

59 

67 

74 

80 

87 

70 

58 

65 

72 

79 

86 

92 

99 

80 

63 

71 

78 

85 

91 

98 

104 

110 

16 


Table   7  --Pro.1 

f?cted  sawtxMber 

b  a  s  a  1 

area 

bv  in 

itial 

Merchantable 

basal 

i^rea  , 

initial  aqe,  and  fi 

nal  a(3e  for 

na  t  ur 

al  even -a 

qed  ^ 

t  a n ci s  of  1 

obloll V 

p  ine 

in  the  l^e^t  Cu 

If  (continued) 

Initial 

Initial   Final 

Merchantable 

Initial  sawtiMb 

er  b 

asal 

area 

(ft') 

\ 

acje      age 

basal  area 

10 

20 

30 

40 

50 

60 

7  0 

80 

90   100 

yearc 

.—ft 

2' 



40      55 

90 

68 

76 

83 

90 

96 

102 

109 

115 

121 

100 

73 

81 

88 

94 

101 

107 

113 

119 

125   131 

60 

30 
40 

39 
48 

46 
55 

52 
61 

68 

50 

56 

63 

70 

76 

82 

60 

64 

71 

77 

83 

89 

95 

70 

71 

78 

84 

90 

96 

102 

107 

80 

77 

84 

90 

96 

t02 

108 

113 

119 

90 

84 

90 

96 

i02 

108 

113 

119 

124 

129 

100 

89 

96 

102 

108 

113 

119 

124 

129 

134   139 

45      50 

30 
40 

17 
19 

26 
28 

35 
37 

46 

50 

21 

30 

40 

48 

57 

60 

23 

33 

42 

51 

59 

68 

70 

25 

35 

44 

53 

62 

70 

79 

80 

27 

37 

46 

55 

64 

72 

81 

90 

90 

29 

38 

48 

57 

65 

74 

83 

91 

100 

100 

31 

40 

50 

59 

67 

76 

85 

93 

102   110 

55 

30 
40 

23 
27 

32 
36 

40 
44 

52 

50 

32 

40 

49 

57 

64 

60 

36 

44 

53 

61 

69 

76 

70 

39 

48 

56 

65 

72 

80 

88 

80 

43 

52 

60 

68 

76 

84 

91 

99 

90 

46 

55 

64 

72 

79 

87 

95 

102 

109 

100 

50 

59 

67 

75 

83 

90 

98 

105 

112   120 

60 

30 
40 

30 

36 

37 
44 

45 
51 

58 

50 

42 

50 

57 

65 

72 

60 

47 

55 

63 

7  0 

77 

84 

70 

53 

61 

68 

75 

82 

39 

96 

80 

58 

66 

73 

80 

87 

94 

101 

107 

90 

63 

71 

78 

85 

92 

98 

105 

ill 

113 

100 

67 

75 

82 

89 

96 

103 

109 

116 

122   128 

50      55 

30 
40 

16 

18 

25 
27 

34 
37 

46 

50 

20 

29 

39 

48 

57 

60 

22 

31 

41 

50 

59 

67 

17 


Table 


■  Pro.iected    sawtimber    b^sa.!.    q>rp^    by    init  iai    merchantable    ba«?al    area 


initial 

aqe,  and  f>.na 

1  aq( 

?  for 

natural  even-^q 

ed  ^ 

tan0  = 

,  of  1 

oblol 

iy 

pine 

in 

the  West  Gulf 

(continued) 

1 

Initial 

Initial   Final 

Merchantable 

Initial  sawtinb 

er  basal 

area 

(ft') 

age      age 

t 

lasal  area 

10 

20 

30 

40 

SO 

60 

70 

80 

90 

100 

years 

-—ft^ 



50      5S 

70 

23 

33 

42 

51 

60 

69 

78 

80 

25 

35 

44 

53 

62 

71 

80 

89 

90 

27 

37 

46 

55 

64 

73 

82 

90 

99 

100 

28 

38 

48 

57 

66 

75 

83 

92 

101 

109 

60 

30 
4  0 
SO 

22 
26 
30 

30 
3S 
38 

39 
43 
47 

Si 
55 

63 

60 

33 

42 

51 

59 

67 

75 

70 

37 

46 

54 

62 

70 

78 

86 

80 

40 

49 

57 

66 

74 

81 

89 

97 

70 

43 

52 

61 

69 

77 

85 

92 

100 

108 

iOO 

46 

55 

64 

72 

80 

88 

95 

103 

110 

118 

SS      60 

:xo 

40 

so 

iS 
17 
19 

25 
27 
29 

34 
36 
38 

45 
47 

56 

60 

21 

30 

40 

49 

58 

67 

70 

22 

32 

41 

50 

60 

68 

77 

30 

24 

34 

43 

52 

61 

70 

79 

88 

90 

25 

35 

45 

54 

63 

72 

81 

89 

98 

iOO 

27 

37 

46 

55 

64 

73 

82 

91 

100 

108 

18 


Table   8.-- Merchantable  cubic-foot  volume  of  natural  even-aged  stands  of 

loblolly  pine  in  the  West  Gulf  given  stand  age,  site  index,  and 
Merchantable  basal  area 


Merchantable 

Site  index 

(ft) 

Age 

basal  area 

70 

80 

90 

100 

110 

120 

ft' 

ft^ 



years 

20 

30 

378 

421 

469 

522 

581 

648 

3S 

440 

490 

546 

60  8 

677 

754 

40 

502 

559 

623 

693 

772 

860 

4S 

564 

628 

699 

779 

867 

966 

SO 

626 

697 

776 

864 

962 

1  ,072 

SS 

687 

765 

852 

949 

1,057 

1,177 

60 

749 

834 

929 

1,034 

1,152 

1,283 

6S 

810 

9  02 

1,005 

1,119 

1,246 

1,383 

70 

872 

971 

1,081 

1,204 

1,341 

1,493 

75 

933 

i 

,039 

1,157 

1,289 

1,435 

1,598 

80 

994 

1 

,107 

1,233 

1  ,373 

1  ,529 

1,703 

as 

i 

,056 

1 

,176 

1,309 

1,458 

1,624 

1,808 

90 

i 

,117 

1 

,244 

1,385 

1,542 

1,718 

1,913 

9S 

i 

,178 

1 

,312 

1,461 

1,627 

1,812 

2,018 

100 

i 

,239 

1 

,380 

1,537 

1,711 

1,906 

2,122 

105 

i 

,300 

1 

,448 

1,612 

1,796 

2,000 

2,227 

iiO 

i 

,361 

1 

,516 

1,688 

1,880 

2,093 

2,331 

2S 

30 

475 

529 

589 

656 

730 

813 

3S 

553 

616 

686 

763 

850 

947 

4  0 

631 

702 

782 

871 

970 

1,080 

45 

708 

789 

878 

978 

1,089 

1,213 

50 

786 

875 

974 

1,085 

1,208 

1,346 

SS 

863 

961 

1,07  0 

1,192 

1,327 

1,478 

60 

94  0 

,047 

1,166 

1,299 

1,446 

1,611 

65 

,018 

,133 

1,262 

1,405 

1,565 

1,743 

7  0 

,095 

,219 

1  ,358 

1,512 

1,684 

1,875 

75 

,172 

,305 

1,453 

1,618 

1,802 

2,0  07 

8  0 

,249 

,391 

1,549 

1,725 

1,921 

2,139 

85 

,326 

,476 

1,644 

1,831 

2,039 

2,271 

90 

,403 

,562 

1,739 

1,937 

2,157 

2,402 

95 

,479 

,648 

1,835 

2,043 

2,275 

2,534 

too 

,556 

,733 

1,930 

2,149 

2,393 

2,665 

iOS 

,633 

,818 

2,025 

2,255 

2,511 

2,797 

iiO 

,710 

,904 

2,120 

2,361 

2,629 

2,928 

30 

30 

553 

616 

685 

763 

850 

947 

35 

643 

717 

798 

889 

990 

1,102 

40 

734 

817 

910 

1,014 

1  ,129 

1  ,  257 

45 

B24 

918 

1,022 

1,139 

1,268 

1,412 

SO 

915 

1 

,019 

1,134 

1,263 

1,407 

1  ,566 

19 


T  <i  b  1  e   8  .  -  -  Merchantable  cubic-foot  v  oIumb  of  na  t  ural  oven-aqecj  stands  of 

■loblolly  pine  in  the  Uest  Gulf  given  qtand  age,  site  index,  and 
Merchantable  basal  arec>  (continued) 


Aqe 


Mer Chan  t  ab le 
basal  area 


70 


80 


Site  index  (ft) 


90 


iOO 


iiO 


120 


years 
30 


35 


40 


S5 
60 
65 
70 
75 

8  0 
85 

9  0 
95 

10  0 

i05 
110 

30 
35 
40 
45 
50 


60 
65 
70 
75 

80 
85 
90 
95 
iOO 

105 
iiO 

30 
35 
40 
45 
50 

55 
60 
65 
70 
75 


1,005 
1,095 
1,185 
1,274 
1,364 


1,454 
1,543 
1,633 
1,722 
1,811 


,901 
,990 

616 
717 
818 
919 
,019 


1,120 
1,220 
1,320 
1,420 
1,520 

1,620 
1,720 
1,820 
1,920 
2,019 

2,119 
2,218 

668 
778 
888 
997 
1,106 

1,215 
1,324 
1,432 
1,541 
1,649 


1,119 
1,219 
1,319 
1,419 
1,519 

1,619 
1,719 
1,818 
1,918 
2,017 

2,117 
2,216 

686 

799 

911 

1,023 

1,135 

1,247 
1,359 
1,47  0 
1,582 
1,693 

1,804 
1,916 
2,027 
2,138 
2,248 

2,359 
2,470 

744 

866 

988 

1,110 

1,232 

1,353 
1,474 
1,595 
1,716 
1,837 


.—ft'- 
1,246 
1,358 
1,469 
1,580 
1,692 

1,803 
1,914 
2,025 
2,136 
2,246 

2,357 
2,468 

764 

889 

1,015 

1,140 

1,264 

1,389 
1,513 
1,637 
1,762 
1,886 

2,009 
2,133 
2,257 
2,380 
2,504 

2,627 
2,751 

829 

965 

1,101 

1,236 

1,371 

1,507 
1,642 
1,776 
1,911 
2,045 


388 

512 

636 

760 

884 

2; 

008 

2, 

131 

2, 

255 

2; 

378 

2  J 

,502 

2; 

625 

2 

,748 

851 

991 

,130 

,269 

,408 

,547 

,685 

,824 

,962 

2 

,100 

2 

,238 

2 

,376 

2 

,513 

2 

,651 

2 

,788 

2 

,926 

3 

,063 

923 

,074 

,226 

,377 

,527 

,678 

,828 

,978 

2 

,128 

2 

,278 

1  , 

545 

!•> 

684 

i. 

822 

1, 

960 

2, 

098 

2, 

236 

2, 

373 

2, 

511 

2, 

649 

2; 

786 

2, 

923 

3j 

,060 

948 

1 

,103 

1 

,258 

1 

,413 

1 

,568 

1 

,722 

1 

,877 

2 

,031 

2 

,185 

2 

,338 

2 

,492 

2 

,646 

2 

,799 

2 

,952 

3 

,105 

3 

,258 

3 

,411 

,028 

,197 

,365 

,533 

,701 

1 

,868 

2 

,036 

2 

,203 

2 

,370 

2 

,537 

20 


Table   8. —  Merchantable  cubic-foot  voluMe  of  natural  even-aged  stands  of 

loblolly  pine  in  the  Uest  Gulf  qi<^en  stand  age,  site  index,  and 
Merchantable  basal  etre&    (continued) 


Age 


Merchantable 
basal  area 


70 


Bite  index 


80 


(ft) 


90 


iOO 


iiO 


120 


years 
40 


ff 


AS 


50 


80 

1,758 

85 

1,866 

90 

1,974 

9S 

2,082 

iOO 

2,190 

105 

2,298 

ilO 

2,406 

30 
35 
40 
45 
50 

55 
60 
65 
70 
75 

80 
85 
90 
95 

too 

105 
110 

30 
35 
40 
45 
50 

55 
60 
65 
70 
75 

80 
85 
90 
95 

100 


712 

829 

945 

1,062 

1,178 

1,294 
1,410 
1,526 
1,642 
1,757 

1,873 
1,988 
2,103 
2,218 
2,333 

2,448 
2,563 

749 

872 

995 

1,117 

1,239 

1,361 
1,483 
1,605 
1,727 
1,848 

1,970 
2,091 
2,212 
2,334 
2,455 


1,957 
2,078 
2,198 
2,319 
2,439 


2,559 


<i> 


679 


793 
923 

1,053 
1,183 
1,312 

1,441 
1,570 
1,699 
1,828 
1,957 

2,085 
2,214 
2,342 
2,470 
2,598 

2,727 
2,854 


834 

971 

,108 

,244 

,380 


1,516 
1,652 
1,788 
1,923 
2,058 

2,194 
2,329 
2,464 
2,599 
2,733 


-ft 

180 

314 

448 

582 

716 

850 
984 

883 
028 
173 
317 
461 


749 
892 
036 
179 


465 
608 
751 
894 

036 
179 

929 
081 
233 
385 
537 

688 
840 
991 
142 
292 

443 
593 
744 
894 
044 


2, 

427 

2; 

577 

2, 

726 

2 

876 

3, 

025 

3; 

174 

3; 

323 

983 

1; 

145 

i 

306 

i 

467 

1, 

,627 

i 

787 

1 

,947 

2 

107 

2 

,267 

2 

,427 

2 

,586 

2 

,745 

2 

,905 

3 

,064 

3 

,222 

3 

,381 

3 

,540 

,034 

,204 

,374 

,543 

,712 

1 

,880 

2 

,049 

2 

,217 

2 

,385 

2 

,553 

2 

,720 

2 

,888 

3 

,055 

3 

,223 

3 

,390 

2, 

703 

870 

3, 

036 

3, 

202 

3, 

368 

3; 

534 

3; 

700 

•'•  ; 

095 

•'•  ) 

275 

■'• 

454 

^  ; 

633 

,812 

1 

990 

2 

169 

2 

,347 

p 

,525 

2 

,702 

,880 

3 

,057 

3 

,235 

3 

,412 

3 

,589 

3 

,765 

3 

,942 

,152 

,341 

,530 

,718 

,906 

2 

,094 

2 

,281 

2 

,469 

,656 

2 

,843 

3 

,029 

3 

,216 

3 

,403 

3 

,589 

3 

,775 

21 


T  <■•>  b  1  e   8  .  —  herchant^blQ  cubic-foot  voXung  of  natural  even-aged  stands  of 

loblolly  pine  in  the  Uest  (7>ulf  given  stand  age,  site  index,  aqd 
Merchantable  basal  area  (continued) 


Age 


Merchantable 
basal  area 


70 


BO 


Site  index  (j-t) 


90 


iOO 


iiO 


120 


years 
50 


55 


60 


ft' 
105 

liO 

30 
35 
40 

45 
50 

55 
60 
65 
70 
75 

80 
85 
90 
95 
100 

105 
110 

30 
35 
40 
45 
50 

55 
60 
65 
70 
75 

80 
85 
90 

95 
10  0 

105 
110 


2,576 
2,696 

781 

909 

1,037 

1,164 

1,292 

1,419 
1,546 
1,673 
1,80  0 
1,927 

2,053 
2,180 
2,306 
2,432 
2,558 

2,684 
2,810 

808 

941 

1,073 

1,205 

1,337 

1,469 
1,600 
1,732 
1,863 
1,994 

2,125 
2,256 
2,387 
2,518 
2,648 

2,779 
2,909 


<-  > 
3, 

0  03 

869 

1 

012 

1 

154 

1 

297 

1; 

439 

1 

580 

i; 

722 

ij 

863 

2 

004 

145 

2, 

286 

2 

,427 

2, 

568 

2 

709 

2 

849 

2 

,989 

3 

,130 

90  0 

i 

,048 

1 

,195 

1 

,342 

1 

,489 

1 

,636 

i 

,782 

1 

,929 

2 

,075 

2 

,221 

2 

,367 

2 

,513 

2 

,658 

2 

,804 

2 

,949 

3 

,094 

3 

,240 

3, 

194 

3; 

344 

968 

1 

127 

i; 

286 

i 

444 

i; 

602 

1 

760 

i 

917 

2 

075 

2; 

232 

2, 

389 

2; 

546 

2 

,703 

2 

860 

3 

,016 

3 

,173 

3 

,329 

3; 

,485 

,002 

,167 

,331 

,495 

,658 

,822 

,985 

2 

,148 

2 

,311 

2 

,473 

2 

,636 

2 

,798 

2 

,960 

3 

,122 

3 

,284 

3 

,446 

3 

,608 

.re 


3, 

557 

3; 

724 

i, 

078 

i, 

255 

i; 

432 

1 

608 

i; 

784 

1 

960 

2 

135 

2. 

311 

2, 

486 

2; 

661 

2; 

835 

3 

010 

3 

185 

3 

,359 

3; 

533 

3 

,707 

3, 

881 

,116 

,299 

,482 

,664 

,847 

2 

,029 

2 

,210 

2 

,392 

573 
2,754 


2 

,935 

3 

,116 

3 

,296 

3 

,477 

3 

,657 

3 

,838 

4 

,018 

961 


4, 

rax 

147 

i, 

201 

i; 

398 

1, 

594 

i; 

791 

i; 

987 

2 

182 

2; 

378 

2; 

573 

2; 

768 

2 

,963 

3; 

158 

3 

352 

3 

546 

3 

,741 

3 

,935 

4 

,129 

4 

,322 

1 

,243 

1 

,447 

i 

,650 

i 

,854 

2 

,056 

2 

,259 

2 

,461 

2 

,663 

2 

,865 

3 

,067 

3 

,269 

3 

,470 

3 

,671 

3 

,872 

4 

,073 

4 

,274 

4 

,474 

2 
2 
3 
3 

3 
3 
3 
4 
4 

4 
4 

1 
1 
i 


2 
3 
3 

3 
3 
4 
4 
4 

4 
4 


22 


Table   9.--S  auit  i.  r^ber  cubic -foot  Molune of  natural  even-aged  stands  of  loblolly 


r.) i n e  in  t h 

P 

Idest 

Culf  < 

^iv^n 

stan< 

i    aqe 

site  index. 

and  s  a  w  t 

iMber 

basal  area 

Saw timber 

Site 

index 

(ft) 

Age 

basal  ares    __ 

70 

80 

90 

100 

110 

120 

ft-            - 

— 

ff^ 

years 

—  J  c 

20 

10 

118 

130 

144 

158 

174 

192 

IS 

174 

192 

211 

233 

256 

282 

20 

229 

252 

278 

306 

337 

371 

25 

283 

312 

343 

378 

416 

459 

30 

337 

371 

408 

450 

495 

546 

35 

39  0 

430 

473 

521 

574 

632 

4  0 

443 

488 

537 

592 

652 

718 

45 

495 

546 

601 

662 

729 

803 

50 

548 

603 

664 

732 

806 

887 

2S 

10 

148 

163 

180 

198 

218 

240 

15 

218 

240 

265 

291 

321 

354 

20 

287 

316 

348 

333 

422 

465 

25 

355 

391 

430 

474 

522 

575 

3  0 

422 

465 

512 

564 

621 

684 

35 

489 

538 

593 

653 

719 

792 

40 

555 

611 

673 

742 

317 

900 

45 

621 

684 

753 

830 

914 

,006 

50 

687 

756 

833 

917 

1,010 

,112 

55 

752 

828 

912 

1 

,004 

1,106 

,218 

60 

817 

900 

991 

,091 

1,202 

,323 

65 

882 

971 

1 

,069 

,178 

1,297 

,428 

70 

946 

1 

,042 

1 

,147 

,264 

1,392 

,533 

75 

i 

,010 

1 

,113 

1 

,225 

,349 

1,486 

,637 

80 

1 

,074 

1 

,183 

1 

,303 

,435 

1,580 

,740 

30 

10 

172 

190 

209 

230 

254 

279 

15 

254 

279 

308 

339 

373 

411 

20 

334 

367 

405 

446 

491 

540 

25 

413 

454 

500 

551 

607 

668 

30 

491 

541 

595 

656 

722 

795 

35 

568 

626 

689 

759 

836 

921 

40 

645 

711 

783 

862 

950 

,046 

45 

722 

795 

876 

965 

1,062 

,170 

50 

798 

879 

968 

1 

,066 

1,174 

,293 

55 

874 

963 

1 

,060 

1 

,168 

1,286 

,416 

60 

950 

,046 

,152 

1 

,268 

1,397 

,539 

65 

1 

,025 

,129 

,243 

i 

,369 

1,508 

,660 

70 

1 

,100 

,211 

,334 

1 

,469 

1,618 

,782 

75 

1 

,174 

,293 

,424 

1 

,569 

1  ,728 

,903 

80 

1 

,249 

,375 

,515 

1 

,668 

1,837 

2 

,023 

23 


Table      9.-- Sawticiber    cubj.c--foot    voluwe    of    natural    even-aged    standi    of    loblol,ly 


pine  ir^  th 

B  Uest 

Gulf  qiven 

stand  aqe, 

site  incjex  , 

and  sawtiMber 

basal  area 

(cont  i 

nued ) 

Sawt  iMber 

Site  index 

Cft) 

Aye 

basal  area  _ 

70 

80 

90 

100 

110 

120 

years 

ft' 



ft^^. 



30 

8S 

1,323 

1,457 

1,605 

1,767 

1,946 

2,144 

90 

1,397 

1,539 

1,695 

1,866 

2,055 

2,263 

3S 

20 

371 

409 

451 

496 

547 

602 

2S 

459 

506 

557 

614 

676 

744 

30 

547 

602 

663 

730 

804 

885 

35 

633 

697 

763 

845 

931 

1,025 

40 

719 

792 

872 

960 

1,057 

1,165 

45 

804 

886 

975 

1,074 

1,183 

1,303 

50 

889 

979 

1,078 

1,187 

1,308 

1,440 

55 

973 

1,072 

1,181 

1,300 

1,432 

1,577 

60 

1,057 

1,165 

1  ,  283 

1,413 

1,556 

1,713 

65 

1,141 

1,257 

1,384 

1,524 

1,679 

1,849 

7  0 

1,225 

1,349 

1,485 

1,636 

1,802 

1,984 

75 

1,308 

1,440 

1,586 

1,747 

1,924 

2,119 

80 

1,391 

1  ,  532 

1,687 

1,858 

2,046 

2,253 

85 

1,473 

1,623 

1,787 

1,968 

2,168 

2,387 

90 

1,556 

1,713 

1,887 

2,078 

2,289 

2,521 

95 

1,638 

1,804 

1,987 

2,188 

2,410 

2,654 

iOO 

1,720 

1,894 

2,086 

2,298 

2,530 

2,787 

40 

30 

592 

653 

719 

791 

872 

960 

35 

686 

756 

832 

917 

1,0  09 

1,112 

40 

779 

858 

945 

1,041 

1,146 

1,262 

45 

872 

960 

1,057 

1,164 

1,282 

1,412 

50 

964 

1,061 

1,169 

1,287 

1,418 

1,561 

55 

1,055 

1,162 

1,280 

1,410 

1,552 

1,710 

60 

1,146 

1,263 

1,390 

1,531 

1,686 

1,857 

65 

1,237 

1,362 

1,501 

1,653 

1,820 

2,004 

70 

1,328 

1,462 

1,610 

1,773 

1,953 

2,151 

75 

1,418 

1,561 

1,720 

1,894 

2,086 

2,297 

BO 

1,508 

1,660 

1,829 

2,014 

2,218 

2,443 

85 

1,597 

1,759 

1,937 

2,134 

2,350 

2,588 

90 

1,687 

1,857 

2,046 

2,253 

2,481 

2,732 

95 

1,776 

1,956 

2,154 

2,372 

2,612 

2,877 

iOO 

1,865 

2,053 

2,261 

2,491 

2,743 

3,021 

105 

1,953 

2,151 

2,369 

2,609 

2,873 

3,164 

ilO 

2,042 

2,249 

2,476 

2,727 

3,004 

3,308 

4S 

30 

631 

695 

765 

843 

928 

1,022 

35 

731 

805 

886 

976 

1,075 

1,184 

40 

830 

914 

1,006 

1,108 

1,221 

1,344 

24 


9 .  --Sawtiwber  cubic-foot  yoluwe  of  n<3tural  eyen-aqed  st.^nds  of  loblolly 
nine  in    the  Ue^->t  Gulf  qj^^en  st^nd  aqg,  site  index  >  and  sautinber 
basal  ari^a    ((;ontinued) 


Age 


Sawt  inber 
basal  area 


70 


Site  index  (ft) 


80 


9  0 


iOO 


iiO 


i20 


years 
45 


50 


ft' 
45 

50 

55 

60 

65 

70 
75 
80 
85 
90 

95 
iOO 
i05 
iiO 

40 
45 
50 
55 
60 

65 
70 
75 
80 
85 

90 
95 

100 
105 
110 

40 
45 
50 
55 
60 


70 
75 
80 
85 


928 

1 

,0  26 

i 

,124 

1 

,221 

1 

,317 

1 

,414 

1 

,510 

1 

,605 

1 

,701 

1 

,796 

1 

,891 

i 

,985 

2 

,080 

2 

,174 

872 

976 

1 

,079 

1 

,181 

i 

,283 

1 

,385 

1 

,486 

1 

,587 

i 

,688 

i 

,788 

i 

,888 

i 

,988 

2 

,088 

2 

,187 

2 

,286 

909 

,017 

,124 

,231 

,337 

,443 

,549 

,654 

,759 

,863 

»022 

,130 

,237 

,344 

451 

,557 

663 

,768 

»873 

,978 

2 

,082 

2 

,186 

2 

,290 

2 

,394 

961 

,075 

,188 

,301 

,414 

,525 

,637 

,748 

,859 

,969 

2 

,080 

2 

,189 

2 

,299 

2 

,408 

2 

,517 

,001 

,120 

,238 

,356 

,473 

,589 

,706 

,821 

,937 

2 

,052 

i, 

126 

1; 

245 

1., 

363 

i; 

480 

i; 

598 

i; 

715 

i; 

831 

i 

947 

2, 

063 

2; 

178 

2, 

293 

2 

408 

2, 

522 

2; 

637 

i 

058 

1 

184 

i 

309 

ij 

,433 

i; 

557 

1 

,68  0 

i 

803 

i 

,925 

2, 

047 

2 

,169 

2, 

290 

2 

,411 

2 

,532 

2 

,652 

2 

,773 

1 

,102 

1 

,233 

1 

,363 

1 

,493 

1 

,622 

i 

,750 

1 

,878 

,0  06 

2 

,133 

,260 

*■  ) 

240 

1 

371 

1  J 

501 

^  1 

630 

^  ; 

760 

i 

838 

2, 

016 

2 

144 

2; 

272 

2, 

399 

2, 

526 

2 

,652 

2 

778 

2j 

904 

i 

165 

i 

30  4 

i 

441 

i 

,578 

i; 

714 

1 

,850 

1 

,985 

2 

,120 

2 

255 

,389 

2 

,522 

2 

,656 

2 

,788 

2 

,921 

3 

,053 

,214 

,358 

,502 

,644 

,786 

1 

,928 

2 

,069 

2 

,209 

2 

,349 

2 

,489 

i 

509 

i, 

653 

i; 

796 

i; 

938 

2 

080 

2, 

221 

2, 

362 

2, 

502 

2, 

642 

2 

781 

2 

,921 

3 

059 

3 

198 

283 

436 

587 

738 

^  J 

888 

2 

,038 

2 

187 

2 

,335 

2 

483 

2 

631 

2 

,778 

2 

,925 

3 

071 

3 

,217 

3 

,363 

1 

,337 

1 

,496 

1 

,654 

1 

,811 

1 

,967 

,123 

2 

,278 

2 

,433 

1— 

,587 

,741 

90 


1,967 


167 


386 


62B 


,894 


3,108 


25 


Table 


•  S a wtif^ber  cubic-foot  voluMe  of  natural  even-aged  stands  of  loblolly 


pine  in  the  Uest  Gulf  given 
basal  area    (continued) 


stand  age>  ^it^  index,  and  sawtinber 


Aqe 


Sawt  inber 
basal  area 


70 


Site  index  (ft) 


80 


90 


iOO 


iiO 


i20 


"7^ 

95 
10  0 
iOS 
liO 

40 
4S 
50 
55 
60 

65 
70 
75 
80 
85 

90 

95 

iOO 

i05 

110 


years 
55 


60 


2 

,175 

2 

,279 

,382 

941 

i 

,052 

i 

,163 

i 

,274 

i 

,384 

1 

,493 

i 

,603 

i 

,712 

i 

,820 

i 

,928 

2 

,036 

2 

,144 

2 

,251 

2 

,358 

2 

,465 

,  (_  t>  J. 
,395 

2 

,509 

2 

,623 

1 

,036 

1 

,159 

1 

,281 

i 

,403 

1 

,524 

1 

,645 

i 

,765 

i 

,885 

2 

,0  04 

2 

,123 

2 

,242 

2 

,361 

2 

,479 

2 

,597 

2 

,714 

— 

-ft'  - 

2 

,512 

2 

,633 

2 

,764 

2 

,889 

1 

,141 

1 

,276 

1 

,411 

1 

,545 

1 

,678 

1 

,811 

1 

,944 

2 

,076 

2 

,207 

2 

,339 

2 

,469 

2 

,600 

2 

,730 

2 

,860 

2 

,989 

2 

,905 

3 

,044 

3 

,181 

1 

,256 

1 

,406 

1 

,554 

1 

,702 

1 

,849 

1 

,995 

2 

,141 

2 

,286 

2 

,431 

2 

,576 

2 

,720 

2 

,863 

3 

,007 

3 

,150 

3, 

,292 

3 

,047 

3 

,200 

3 

,352 

3 

,504 

1 

,384 

1 

,548 

1 

,711 

1 

,874 

2 

,036 

2 

,197 

2 

,358 

2 

,518 

2 

,677 

2 

,836 

2 

,995 

3 

,153 

3 

,311 

3 

,469 

3 

,626 

356 
524 
692 
859 

524 
705 
885 
064 
242 

420 
597 
773 
949 
124 

299 
473 
647 
820 
993 
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" Sawtit^bgr  volune,  board  feet  (Doyle  rule)t  of  natural  even-aged 
standi?  of  loblolly  pine  in  the  Uest  Gulf  given  stand  aqe>  site  index, 
and  sawtiwber  basal  sreii 


Bawt  iwber 

Site  index 

fft) 

Age 

basal  area 

70 

80 

90 

100 

110 

120 

years 

ft' 

fbm—- 

20 

iO 

304 

374 

460 

566 

696 

857 

iS 

410 

505 

621 

765 

941 

1,158 

20 

508 

625 

770 

947 

1,165 

1,434 

2S 

600 

738 

908 

1,118 

1,375 

1,692 

30 

687 

845 

1,040 

1,280 

1,575 

1,933 

35 

770 

948 

1,166 

1,435 

1,766 

2,173 

40 

851 

1,047 

1,283 

1,585 

1,950 

2,399 

45 

928 

1,142 

1,406 

1,730 

2,128 

2,619 

50 

1,004 

1,235 

1,520 

1,870 

2,302 

2,832 

25 

10 

481 

591 

728 

395 

1,102 

1,356 

iS 

649 

799 

983 

1,210 

1,489 

1,832 

20 

804 

990 

1,218 

1,498 

1,844 

2,269 

25 

949 

1,168 

1,437 

1,769 

2,176 

2,678 

30 

1,087 

1,337 

1,646 

2,025 

2,492 

3,066 

35 

1,219 

1,50  0 

1,845 

2,271 

2,794 

3,438 

40 

1,346 

1,656 

2,038 

2,508 

3,086 

3,797 

45 

1,469 

1,808 

2,224 

2,737 

3,368 

4,144 

50 

1,589 

1,955 

2,405 

2,960 

3,642 

4,482 

55 

1,705 

2,098 

2,582 

3,177 

3,909 

4,810 

60 

1,819 

2,238 

2,754 

3,389 

4,170 

5,132 

65 

1,931 

2,376 

2,923 

3,597 

4,426 

5,446 

70 

2,040 

2,510 

3,089 

3,800 

4,676 

5,754 

75 

2,147 

2,642 

3,251 

4,000 

4,922 

6,057 

80 

2,253 

2,772 

3,411 

4,197 

5,164 

6,355 

30 

10 

653 

803 

988 

1,216 

1,496 

1,841 

15 

882 

1,085 

1,335 

1,643 

2,022 

2,488 

20 

1,092 

1,344 

1,654 

2,035 

2,504 

3,081 

25 

1,289 

1,586 

1,952 

2,402 

2,955 

3,636 

30 

1,476 

1,816 

2,235 

2,750 

3,384 

4,164 

35 

1,655 

2,037 

2,506 

3,084 

3,794 

4,669 

40 

1,828 

2,249 

2,767 

3,405 

4,190 

5,156 

45 

1,995 

2,455 

3,020 

3,717 

4,573 

5,628 

50 

2,157 

2,655 

3,266 

4,019 

4,946 

6,086 

55 

2,316 

2,849 

3,506 

4,314 

5,309 

6,532 

60 

2,470 

3,040 

3,740 

4,602 

5,663 

6,969 

65 

2,622 

3,226 

3,969 

4,884 

6,010 

7,395 

70 

2,770 

3,408 

4,194 

5,161 

6,350 

7,814 

75 

2,916 

3,588 

4,415 

5,432 

6,684 

8,225 

80 

3,059 

3,764 

4,631 

5,699 

7,013 

8,629 
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Table  iO 

. --Sawt  inber 

y oluwe ,  b 

o^rd  feet 

(Doyle  rul^ 

)  ,  of  natural  even 

-aqed 

stands  of 

lobloUv 

pine  in  th 

e  West  Gulf 

qiven 

stand  aqe  , 

site  index, 

and  sawtinber  basaX 

area  (qon 

t  inuetl ) 

Sawt inber 

Site  index 

(ft) 

! 

Age 

basal  area 

70 

80 

90 

100 

110 

120 

years 

ft' 

fbm 

30 

85 

3,200 

3,937 

4,845 

5,962 

7,336 

9,027 

90 

3,339 

4,108 

5,055 

6,220 

7,654 

9,418 

35 

20 

1,359 

1,672 

2,057 

2,532 

3,115 

3,833 

25 

1,604 

1,974 

2,428 

2,988 

3,677 

4,525 

30 

1,837 

2,260 

2,781 

3,422 

4,210 

5,181 

- 

35 

2,059 

2,534 

3,118 

3,837 

4,721 

5,810 

40 

2,274 

2,798 

3,443 

4,237 

5,214 

6,415 

45 

2 ,  482 

3,054 

3,758 

4,625 

5,691 

7,002 

50 

2,684 

3,303 

4,064 

5,001 

6,154 

7,572 

55 

2,881 

3,545 

4,363 

5,368 

6,605 

3,128 

fcO 

3,074 

3,782 

4,654 

5,727 

7,047 

8,671 

65 

3,262 

4,014 

4,939 

6,077 

7,478 

9,202 

70 

3,447 

4,241 

5,219 

6,421 

7,902 

9,723 

75 

3,628 

4,464 

5,493 

6,759 

8,317 

10,234 

80 

3,806 

4,683 

5,763 

7,091 

8,726 

10,737 

85 

3,981 

4,899 

6,028 

7,418 

9,128 

11,232 

90 

4,154 

5,112 

6,290 

7,740 

9,524 

11,719 

95 

4,324 

5,321 

6,548 

8,057 

9,914 

12,199 

iOO 

4,492 

5,528 

6,802 

8,370 

10,299 

12,673 

40 

30 

2,164 

2,662 

3,276 

4,031 

4,960 

6,104 

35 

2,426 

2,985 

3,674 

4,520 

5,562 

6,844 

4  0 

2,679 

3,297 

4,057 

4,992 

6,142 

7,558 

45 

2,924 

3,598 

4,428 

5,448 

6,704 

8,249 

50 

3,162 

3,891 

4,788 

5,892 

7,250 

8,921 

55 

3,394 

4,177 

5,140 

6,324 

7,782 

9,576 

60 

3,621 

4,456 

5,483 

6,746 

8,302 

10,215 

65 

3,843 

4,729 

5,819 

7,160 

8,810 

10,841 

70 

4,060 

4,996 

6,148 

7,565 

9,309 

11,455 

75 

4,274 

5,259 

6,471 

7,963 

9,798 

12,057 

80 

4,484 

5,517 

6,789 

8,354 

10,280 

12,649 

85 

4,690 

5,772 

7,102 

8,739 

10,753 

13,232 

90 

4,894 

6,022 

7,410 

9,118 

11,220 

13,806 

95 

5,095 

6,269 

7,714 

9,492 

11,680 

14,372 

iOO 

5,292 

6,512 

8,013 

9,860 

12,133 

14,930 

i05 

5,488 

6,753 

8,309 

10,224 

12,581 

15,481 

iiO 

5,681 

6,990 

8,601 

10,584 

13,024 

16,026 

45 

30 

2,458 

3,024 

3,721 

4,579 

5,635 

6,934 

35 

2,756 

3,391 

4,173 

5,135 

6,319 

7,775 

40 

3,044 

3,745 

4,608 

5,670 

6,978 

8,586 

28 

Table  i 0  .  — Sawtinber  volume,  boc^rd  feet  (Doyle  rolg).  of  nat ura J.  eyen-aged 

stands  of  loblolly  pine  in  the  Uest  Golf  given  stand  age,  site  index > 
and  sawtinber  b^sal  area    (continued) 


Age 


Sawt  iwber 
basal  area 


70 


80 


Site    index     (ft) 


90 


100 


iiO 


120 


years 
4S 


50 


ft' 
45 

50 
55 
60 
65 

70 
75 
80 
85 
90 

95 
iOO 
iOS 
110 

40 
45 
50 
55 
60 

65 
70 
75 
80 
85 

90 

95 
iOO 
iOS 
110 

40 
45 
50 
55 
60 

65 
70 
75 
80 
85 

90 


3, 

322 

3, 

592 

3, 

856 

4, 

113 

4, 

365 

4, 

613 

4, 

855 

S, 

094 

^, 

328 

5, 

559 

5, 

787 

fo, 

012 

6; 

234 

6, 

»453 

3 

370 

3, 

679 

3 

,978 

4 

,270 

4 

,555 

4 

,834 

S 

,108 

5 

,376 

5 

,640 

5 

,900 

6 

,156 

6 

,409 

6 

,658 

6 

,9  03 

7 

,146 

3 

,664 

3 

,999 

4 

,324 

4 

,642 

4 

,951 

5 

,255 

5 

,552 

5 

,844 

6 

,131 

6 

,414 

-fbm—- 





4, 

088 

s, 

030 

6, 

189 

7, 

616 

9, 

371 

4, 

420 

^, 

439 

6, 

693 

8, 

236 

10, 

134 

4, 

745 

s, 

838 

7, 

184 

8, 

840 

10, 

878 

S, 

062 

6, 

228 

7, 

664 

9, 

430 

ii> 

604 

5, 

372 

b, 

610 

8, 

133 

10, 

008 

12, 

315 

s, 

676 

6, 

984 

8, 

594 

10, 

575 

13, 

012 

5, 

974 

7, 

351 

9, 

046 

11, 

131 

13, 

696 

6, 

268 

7, 

712 

"^  > 

490 

ii, 

677 

14, 

369 

6, 

556 

8, 

068 

9, 

927 

12, 

215 

15; 

031 

^) 

841 

B, 

418 

10, 

358 

12, 

745 

15, 

683 

7, 

121 

8, 

763 

10; 

782 

13, 

268 

16, 

326 

7, 

398 

9, 

103 

11, 

201 

13, 

783 

16, 

960 

7, 

671 

9, 

439 

11 

615 

14 

292 

17, 

586 

7; 

941 

9 

771 

12 

,023 

14 

,794 

18 

,205 

4 

,147 

5 

,103 

6 

,279 

7 

,727 

9 

,508 

4; 

526 

5 

570 

6 

854 

8 

,433 

10 

377 

4 

,895 

6 

,0  23 

7 

,412 

9 

,120 

11 

,222 

S 

,254 

6 

,465 

7 

,955 

9 

,789 

12 

,046 

5 

,605 

6 

,897 

B 

,487 

10 

,443 

12 

,850 

5 

,948 

7 

,320 

9 

,007 

11 

,083 

13 

,637 

6 

,285 

7 

,734 

9 

,516 

11 

,710 

14 

,409 

6 

,616 

8 

,141 

10 

,017 

12 

,326 

15 

,167 

6 

,941 

8 

,540 

10 

,509 

12 

,931 

15 

,912 

7 

,260 

8 

,934 

10 

,993 

13 

,527 

16 

,645 

7 

,575 

9 

,321 

11 

,470 

14 

,114 

17 

,367 

7 

,886 

9 

,703 

11 

,940 

14 

,692 

18 

,079 

8 

,192 

10 

,080 

12 

,404 

15 

,263 

18 

,781 

8 

,494 

10 

,452 

12 

,862 

15 

,826 

19 

,474 

B 

,793 

10 

,820 

13 

,314 

16 

,383 

20 

,159 

4 

,50  8 

5 

,547 

6 

,826 

8 

,399 

10 

,335 

4 

,92  0 

6 

,054 

7 

,450 

9 

,167 

11 

,280 

5 

,321 

6 

,547 

8 

,057 

9 

,914 

12 

,199 

5 

,711 

7 

,028 

8 

,648 

10 

,641 

13 

,094 

6 

,093 

7 

,497 

9 

,225 

11 

,352 

13 

,968 

6 

,466 

7 

,957 

9 

,790 

12 

,047 

14 

,824 

6 

,832 

8 

,407 

10 

,345 

12 

,729 

15 

,663 

7 

,191 

8 

,849 

10 

,889 

13 

,399 

16 

,487 

7 

,545 

9 

,284 

11 

,424 

14 

,057 

17 

,297 

7 

,892 

9 

,711 

11 

,950 

14 

,704 

18 

,094 

6,692 


8,235 


10,133 


12,468 


15,342 


18,878 


29 


i 0 . — Sawtifiber  voluwe.  board  feet  (Doyle  rule),  of  natural  even-aged 


f>tand^>,  of  loblolly ,  pine  in  the  West  Qulf  given  stand  age 
and  sawtiwber  basal  area  (continued) 


site  index  , 


SawtiMber 

Site  index 

(ft) 

Age 

basal  area 

70 

80 

90 

100 

110 

120 

years 

ft' 

fbm 

55 

95 

6,966 

8,572 

10,548 

12,979 

15,971 

19,652 

iOO 

7,237 

8,905 

10,958 

13,483 

16,591 

20,416 

iOS 

7,504 

9,234 

11,362 

13,981 

17,204 

21,169 

iiO 

7,768 

9,558 

11,762 

14,473 

17,809 

21,914 

60 

40 

3,927 

4,833 

5,947 

7,317 

9,004 

11,079 

45 

4,287 

5,275 

6,490 

7,986 

9,827 

12,093 

50 

4,636 

5,704 

7,019 

8,637 

10,628 

13,077 

55 

4,976 

6,123 

7,534 

9,270 

11,407 

14,037 

60 

5,308 

6 ,  532 

8,037 

9,890 

12,169 

14,974 

65 

5,633 

6,932 

8,529 

10,496 

12,915 

15,892 

70 

5,952 

7,324 

9,012 

11,090 

13,646 

16,791 

75 

6,265 

7,709 

9,486 

11,673 

14,363 

17,674 

80 

6,573 

8,088 

9,952 

12,246 

15,069 

18,542 

85 

6,876 

8,461 

10,411 

12,810 

15,763 

19,396 

90 

7,174 

8,828 

10,862 

13,366 

16,447 

20,238 

95 

7,468 

9,189 

11,307 

13,914 

17,121 

21,067 

i  0  0 

7,758 

9,546 

11,747 

14,454 

17,786 

21,886 

105 

8,044 

9,899 

12,180 

14,988 

18,443 

22,694 

110 

8,327 

10,247 

12,609 

15,515 

19,091 

23,492 

30 


-Sawtinber  volune,  board  feet  (Scribner  rule),  of  natural  even-aged 
stands  of  loblolly  pine  in  the  West  Gulf  qiyen  stand  age,  site  index, 
and  sautjwber  basal  area 


Aqe 


Sawt  inber 
basal  area 


70 


80 


Site  index  (ft) 


90 


iOO 


110 


120 


yeai^s 
20 


25 


30 


ft' 

10 

15 

20 

25 

30 

35 
40 
45 
50 

10 
15 
20 
25 
30 

35 
40 
45 
50 
55 

60 
65 
70 
75 
80 

10 
15 
20 
25 
30 

35 
40 
45 
50 
55 

60 
65 
70 
75 
80 


;56 


793 

i, 

020 

i, 

240 

t, 

455 

i, 

665 

i, 

871 

2, 

075 

2; 

275 

772 

i; 

102 

i, 

417 

i, 

723 

2; 

021 

o 

<- 

313 

2 

60  0 

2; 

883 

3 

161 

3; 

436 

3 

,708 

3 

,978 

4 

,244 

4 

,509 

4 

,771 

962 

i 

,372 

1 

,765 

2 

,145 

2 

,S17 

2 

,880 

3 

,238 

3 

,589 

3 

,936 

4 

,279 

4 

,618 

4 

,953 

5 

,285 

5 

,614 

5 

,940 

639 

912 

i. 

173 

i, 

426 

i, 

673 

i, 

914 

2, 

152 

386 

2, 

616 

888 

1 

267 

i 

630 

i, 

981 

2, 

,324 

2 

660 

,990 

3 

315 

3 

,635 

3 

,951 

4 

,264 

4 

,574 

4 

,830 

5 

,184 

5 

,486 

1 

,106 

1 

,577 

2 

,029 

2 

,467 

2 

,894 

3 

,312 

3 

,723 

4 

,127 

4 

,526 

4 

,920 

5 

,310 

5 

,695 

6 

,077 

6 

,455 

6 

,830 

-fbm- 
735 
1  .048 


349 
640 
923 


201 
474 
743 
008 

021 
457 
874 
278 
672 

059 
438 
811 
180 
544 

903 
259 
612 
961 
308 

272 
814 

333 
837 
328 

809 
281 
746 
205 
657 

105 
549 
988 
423 
854 


845 

972 

i. 

118 

i> 

205 

i> 

386 

i, 

594 

i, 

551 

i, 

783 

2, 

050 

i; 

885 

2, 

168 

2, 

493 

2, 

212 

2, 

543 

2, 

924 

531 

2, 

911 

3, 

347 

2, 

845 

3, 

272 

3; 

762 

3, 

154 

3, 

627 

4, 

171 

3, 

459 

3, 

978 

4; 

574 

i 

174 

i 

350 

i 

553 

i, 

675 

i; 

926 

2; 

215 

2 

155 

2, 

478 

2 

849 

2, 

6)20 

3, 

012 

3; 

464 

3; 

073 

3; 

534 

4, 

063 

3 

517 

4 

044 

4 

650 

3 

953 

4 

546 

5 

,227 

4 

383 

5; 

040 

5, 

795 

4 

806 

s 

527 

6 

,355 

5, 

225 

6 

008 

6, 

908 

5 

,638 

^ 

,483 

7 

,455 

6 

,047 

6 

,954 

7 

,996 

6 

,453 

7 

,420 

8 

,532 

6 

,855 

7 

,882 

9 

,063 

7 

,253 

8 

,340 

9 

,590 

1 

,462 

1 

,682 

1 

,934 

2 

,086 

2 

,398 

2 

,758 

2 

,683 

3 

,085 

3 

,547 

3 

,262 

3 

,751 

4 

,313 

3 

,826 

4 

,400 

5 

,059 

4 

,379 

5 

,036 

5 

,790 

4 

,922 

5 

,660 

6 

,509 

5 

,457 

6 

,275 

7 

,216 

5 

,985 

6 

,881 

7 

,913 

6 

,505 

7 

,480 

8 

,601 

7 

,020 

8 

,073 

9 

,282 

7 

,530 

8 

,659 

9 

,956 

8 

,035 

9 

,23? 

10 

,624 

8 

,535 

9 

,814 

ii 

,285 

9 

,031 

10 

,385 

11 

,941 

31 


lablB    ii 

—  3awt  inber 

volume , 

board  feet 

(Scr  ibner 

rule),  o^ 

'  natural  ( 

5ven-aqed 

v>  1  ,^ n d 3  of 

loblollv 

pine  in  th 

e  West  Gu 

If  qiven  stand  aqe, 

site  index  , 

and  SciwtiMber  ba^a 

1  area  (continued) 

Sau  t  iMber 

Site  index  (ft) 

Age 

basal  area 

w 

70 

80 

90 

100 

110 

120 

years 

ft'            - 

fbm— 

30 

8S 

6,264 

7,203 

8,282 

9,524 

10,951 

12,592 

90 

6,585 

7,572 

8,707 

10,012 

11,513 

13,238 

35 

20 

2,064 

2,373 

2,729 

3,138 

3,608 

4,149 

25 

2,509 

2,885 

3,318 

3,815 

4  ,  387 

5,044 

30 

2,943 

3,385 

3,892 

4,475 

5,146 

5,917 

35 

3,369 

3,874 

4,454 

5,122 

5,889 

6,772 

4  0 

3,787 

4,354 

5,007 

5,757 

6,620 

7,612 

45 

4,198 

4,827 

5,551 

6,382 

7,339 

8,439 

50 

4,604 

5,294 

6,087 

6,999 

8,048 

9,254 

55 

5,004 

5,754 

6,617 

7,608 

8,749 

10,060 

60 

5,400 

6,210 

7,141 

8,211 

9,441 

10,856 

65 

5,793 

6,661 

7,659 

8,807 

10,127 

11,644 

7  0 

6,181 

7,107 

8,172 

9,397 

10,805 

12,425 

75 

6,566 

7,550 

8,681 

9,982 

11,478 

13,199 

80 

6,947 

7,989 

9,186 

10,563 

12,146 

13,966 

85 

7,326 

8,424 

9,687 

11,138 

12,808 

14,727 

90 

7,702 

8,856 

10,184 

11,710 

13,465 

15,483 

95 

8,075 

9,286 

10,677 

12,278 

14,118 

16,234 

iOO 

8,446 

9,712 

11,168 

12,842 

14,766 

16,979 

40 

30 

3,310 

3,807 

4,377 

5,033 

5,787 

6,655 

35 

3,789 

4,357 

5,009 

5,760 

6,624 

7,616 

40 

4,259 

4,897 

5,631 

6,475 

7,445 

8,561 

45 

4,721 

5,429 

6,242 

7,178 

8,254 

9,491 

50 

5,177 

5,953 

6,846 

7,872 

9,051 

10,408 

55 

5,628 

6,472 

7,441 

8,557 

9,839 

11,314 

60 

6,074 

6,984 

8,031 

9,234 

10,618 

12,209 

65 

6,514 

7,491 

8,613 

9,904 

11,389 

13,096 

70 

6,951 

7,993 

9,191 

10,568 

12,152 

13,974 

75 

7,384 

8,491 

9,763 

11,226 

12,909 

14,844 

80 

7,813 

8,984 

10,331 

11,879 

13,659 

15,707 

85 

8,239 

9,474 

10,894 

12,527 

14,404 

16,563 

90 

8,662 

9,960 

11,453 

13,169 

15,143 

17,413 

95 

9,082 

10,443 

12,008 

13,808 

15,877 

18,257 

iOO 

9,499 

10,923 

12,560 

14,442 

16,607 

19,095 

i05 

9,914 

11,400 

13,108 

15,072 

17,331 

19,929 

iiO 

10,326 

11,873 

13,653 

15,699 

18,052 

20,757 

45 

30 

3,627 

4,171 

4,796 

5,514 

6,341 

7,291 

35 

4,151 

4,773 

5,489 

6,311 

7,257 

8,345 

40 

4,666 

5,365 

6,169 

7,094 

8,157 

9,380 
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Table  ii  .  — Sawtif^ber  voluwe,  board  feet  (Scribner  rule),  of  natur<^l  eMen-aqed 

stands  of  loblolly  pine  j,n  the  West  Gulf  given  stand  age,  site  index, 
and  fiautinber  basal  area    (continue^) 


Sawt iMber 

Site  index 

(ft) 

Age 

basal  area 

70 

80 

90 

100 

110 

120 

ft'            ■ 



■f7im 

yeai's 

JUTn 

AS 

45 

5,173 

5,948 

6,840 

7,865 

9,043 

10,399 

50 

5,673 

6,523 

7,501 

8,625 

9,917 

11,404 

55 

6,166 

7,091 

8,153 

9,375 

10,780 

12,396 

60 

6,655 

7,652 

8,799 

10,117 

11,634 

13,377 

65 

7,138 

8,207 

9,437 

10,852 

12,478 

14,348 

70 

7,6i6 

8,758 

10,070 

11,579 

13,315 

15,310 

75 

8,090 

9,303 

10,697 

12,300 

14,144 

16,264 

80 

8,561 

9,844 

11,319 

13,015 

14,966 

17,209 

85 

9,027 

10,380 

11,936 

13,725 

15,782 

18,147 

90 

9,491 

10,913 

12,549 

14,429 

16,592 

19,079 

95 

9,951 

11,442 

13,157 

15,129 

17,396 

20,003 

100 

10,408 

11,968 

13,761 

15,824 

18,195 

20,922 

105 

10,862 

12,490 

14,362 

16.514 

18,989 

21,835 

110 

11,314 

13,009 

14,959 

17,201 

19,779 

22,743 

50 

40 

5,020 

5,772 

6,637 

7,632 

8,776 

10,091 

45 

5,565 

6,399 

7,358 

8,461 

9,729 

11,187 

50 

6,i03 

7, 018 

8,069 

9,279 

10,669 

12,268 

55 

6,634 

7,628 

8,772 

10,086 

11,598 

13,336 

60 

7,159 

8,232 

9,466 

10,885 

12,516 

14,392 

65 

7,679 

8,830 

10,153 

11,675 

13,424 

15,436 

70 

8,194 

9,422 

10,834 

12,457 

14,324 

16,471 

75 

8,704 

10,0  08 

11,508 

13,233 

15,216 

17,497 

80 

9,210 

10,590 

12,177 

14,002 

16,101 

18,514 

85 

9,712 

11,168 

12,841 

14,766 

16,979 

19,523 

90 

10,210 

11,741 

13,500 

15,523 

17,850 

20,525 

95 

10,705 

12,310 

14,155 

16,276 

18,715 

21,520 

100 

11,197 

12,875 

14,805 

17,024 

19,575 

22,509 

105 

11,686 

13,437 

15,451 

17,767 

20,429 

23,491 

110 

12,172 

13,996 

16,093 

18,505 

21,279 

24,468 

S5 

40 

5,329 

6,128 

7,046 

8,102 

9,317 

10,713 

45 

5,908 

6,794 

7,812 

8,982 

10,329 

11,877 

50 

6,479 

7,450 

8,567 

9,850 

11,327 

13,024 

55 

7,043 

8,098 

9,312 

10,708 

12,313 

14,158 

60 

7,600 

8,739 

10,049 

11,555 

13,287 

15,279 

65 

8,152 

9,374 

10,779 

12,394 

14,252 

16,388 

70 

8,699 

10,002 

11,501 

13,225 

15,207 

17,486 

75 

9,240 

10,625 

12,218 

14,049 

16,154 

18,575 

BO 

9,777 

11,243 

12,928 

14,865 

17,093 

19,655 

85 

10,310 

11,856 

13,633 

15,676 

18,025 

20,726 

90 


10,840 


12,464 


14,332 


16,480 


18,950 


21,790 
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Table  i  i  .  — SawtJMber  voluf^e,  board  feet  (Bcribner  rD).e)  ^  of  natural  eyen-aqed 


s t a n d •r>  of 

loblolly 

pine  in 

the  West  Gulf  qiven 

stand  aae, 

site  index  . 

and  sawtiMber  basal 

ar^a    (continued) 

Sawt  inber 

Site  index 

(ft) 

Age 

basal  area 

70 

80 

9  0 

100 

110 

120 

ft' 
95 

ii,365 

13,068 

■P^m 

years 
55 

J  urn 

15,027 

17,279 

19,869 

22,846 

iOO 

11,887 

13,669 

15,717 

18,073 

20,781 

23,896 

1.05 

12,406 

14,265 

16,403 

18,861 

21,688 

24,939 

ilO 

12,922 

14,858 

17,085 

19,646 

22,590 

25,975 

60 

40 

5,601 

6,441 

7,406 

8,516 

9,793 

11,260 

45 

6,210 

7,141 

8,211 

9,441 

10,856 

12,483 

50 

6,810 

7,831 

9,004 

10,354 

11,905 

13,690 

55 

7,403 

8,512 

9,788 

11,255 

12,942 

14,881 

60 

7,989 

9,186 

10,563 

12,146 

13,966 

16,059 

65 

8,569 

9,853 

11,330 

13,028 

14,980 

17,225 

70 

9,143 

10,513 

12,089 

13,901 

15,984 

18,380 

75 

9,712 

11,168 

12,842 

14,766 

16,979 

19,524 

BO 

10,277 

11,817 

13,588 

15,625 

17,967 

20,659 

85 

10,837 

12,461 

14,329 

16,477 

18,946 

21,785 

90 

11,393 

13,101 

15,064 

17,322 

19,918 

22,903 

95 

11,946 

13,736 

15,795 

18,162 

20,884 

24,014 

iOO 

12,494 

14,367 

16,520 

18,996 

21,843 

25,117 

i05 

13,040 

14,994 

17,241 

19,825 

22,796 

26,213 

iiO 

13,582 

15,617 

17,958 

20,649 

23,744 

27,303 

34 


Toble  12 

.  — Sawt  i.Mber 

y  oluMe  , 

board  feet 

(International  i/4- 

inch  rule) 

of 

n^^tural.  eyen-aqed 

stands  of 

loblolly  pine  in  the 

West  Gulf 

qi  ven 

'^.  t  a  n  cl  a  q  e 

site  ir 

»dex  ,  and  <r 

awtinber  ba< 

-T>al    area 

Sawt  inber 

Site  index 

(ft) 

Aye 

basal  area 

70 

80 

90 

100 

110 

120 

years 

ff'            - 

fbm 

20 

10 

689 

77B 

879 

993 

1,121 

1,266 

iS 

997 

1,126 

1,272 

1,436 

1,622 

1,831 

20 

1,296 

1,464 

1,653 

1,866 

2,108 

2,38  0 

2S 

1,589 

1,794 

2,026 

2,287 

2,583 

2,916 

30 

1,876 

2,118 

2,392 

2,701 

3,049 

3,443 

3S 

2,158 

2,437 

2,752 

3,108 

3,509 

3,963 

40 

2,438 

2,753 

3,108 

3,510 

3,963 

4,475 

45 

2,714 

3,064 

3,460 

3,907 

4,412 

4,982 

50 

2,987 

3,373 

3,809 

4,301 

4,857 

5,484 

2S 

10 

725 

1,0  45 

1,180 

1,332 

1,505 

1,699 

15 

1,339 

1,512 

1,707 

1,928 

2,177 

2,458 

20 

1,740 

1,965 

2,219 

2,506 

2,829 

3,195 

25 

2,132 

2,408 

2,719 

3,070 

3,467 

3,915 

30 

2,518 

2,843 

3,210 

3,625 

4,094 

4,623 

35 

2,897 

3,272 

3,695 

4,172 

4,711 

5,320 

40 

3,272 

3,695 

4,172 

4,712 

5,320 

6,0  08 

45 

3,643 

4,114 

4,645 

5,245 

5,923 

6,688 

50 

4,010 

4,528 

5,113 

5,774 

6,520 

7,362 

55 

4,374 

4,939 

5,577 

6,297 

7,111 

8,030 

6  0 

4,735 

5,346 

6,0  37 

6,817 

7,698 

8,692 

65 

5,093 

5,751 

6,494 

7,333 

8,280 

9,350 

70 

5,448 

6,152 

6,947 

7,845 

8,858 

10,003 

75 

5,802 

6,552 

7,398 

8,354 

9,433 

10,652 

8  0 

6,153 

6,948 

7,846 

8,860 

10,004 

11,297 

30 

10 

1,126 

1,272 

1,436 

1,621 

1,831 

2,068 

15 

1,629 

1,840 

2,078 

2,346 

2,649 

2,991 

20 

2,118 

2,391 

2,700 

3,049 

3,443 

3,888 

25 

2,595 

2,930 

3,309 

3,736 

4,219 

4,764 

30 

3,064 

3,460 

3,907 

4,412 

4,982 

5,625 

35 

3,526 

3,982 

4,496 

5,077 

5,733 

6,473 

40 

3,982 

4,497 

5,078 

5,734 

6,474 

7,311 

45 

4,433 

5,0  06 

5,653 

6,383 

7,208 

8,139 

5  0 

4,880 

5,510 

6,222 

7,026 

7,934 

8,959 

55 

5,322 

6,010 

6,787 

7,663 

8,654 

9,772 

60 

5,762 

6,506 

7,347 

8,296 

9,368 

10,578 

65 

6,197 

6,998 

7,902 

8,923 

10,076 

11,378 

70 

6,630 

7,487 

8,454 

9,547 

10,780 

12,173 

75 

7,060 

7,973 

9,003 

10,166 

11,479 

12,962 

80 

7,488 

8,455 

9,548 

10,782 

12,175 

13,747 

CCEMSON 
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Table  12--- Sawtinber  volume,  board  fegt  (International  i/4-inch  rule)  of 

natural  ewen-aqed  stands  of  loblolly  pine  in  the  Uest  Gulf  given 
stand  aqe^  6i,te  index,  and  sawtinber  basal  areia    (continued) 


Sawt  inber 

Site  index 

(ft) 

Age 

basal  area 

70 

80 

90 

100 

110 

120 

years 

ft' 



fl)rn 



30 

85 

7,913 

8,936 

10,090 

11,394 

12,866 

14,528 

70 

8,336 

9,413 

10,629 

12,003 

13,554 

15,305 

35 

20 

2,436 

2,751 

3,107 

3,508 

3,961 

4,473 

25 

2,986 

3,371 

3,807 

4,299 

4,854 

5,482 

30 

3,525 

3,981 

4,495 

5,076 

5,732 

6,472 

35 

4,057 

4,581 

5,173 

5,841 

6,596 

7,448 

4  0 

4,582 

5,173 

5,842 

6,597 

7,449 

8,411 

45 

5,101 

5,760 

6,504 

7,344 

8,293 

9,364 

SO 

5,614 

6,34  0 

7,159 

8,084 

9,128 

10,308 

55 

6,124 

6,915 

7,808 

8,817 

9,956 

11,243 

60 

6,629 

7,485 

8,452 

9,545 

10,778 

12,170 

65 

7,130 

8,052 

9,092 

10,267 

11,593 

13,091 

70 

7,628 

8,614 

9,727 

10,984 

12,403 

14,005 

75 

8,123 

9,173 

10,358 

11,696 

13,207 

14,914 

80 

8,615 

9,728 

10,985 

12,405 

14,007 

15,817 

85 

9,104 

10,281 

11,609 

13,109 

14,803 

16,715 

9  0 

9,591 

10,830 

12,230 

13,810 

15,594 

17,609 

•      95 

10,075 

11,377 

12,847 

14,507 

16,381 

18,498 

100 

10,557 

11,921 

13,462 

15,201 

17,165 

19,383 

40 

30 

3,916 

4,422 

4,993 

5,639 

6,367 

7,190 

35 

4,507 

5,089 

5,746 

6,489 

7,327 

8,274 

4  0 

5,090 

5,747 

6,490 

7,328 

8,275 

9,344 

45 

5,666 

6,398 

7,225 

8,153 

9,212 

10,403 

50 

6,237 

7,043 

7,953 

8,980 

10,141 

11,451 

55 

6,803 

7,682 

8,674 

9,795 

11,060 

12,489 

60 

7,364 

0,315 

9,390 

10,603 

11,973 

13,520 

65 

7,921 

8,945 

10,100 

11,405 

12,879 

14,543 

7  0 

8,474 

9,569 

10,306 

12,202 

13,773 

15,558 

75 

9,024 

10,190 

11,507 

12,993 

14,672 

16,568 

80 

9,571 

10,807 

12,204 

13,780 

15,561 

17,571 

85 

10,114 

11,421 

12,897 

14,563 

16,444 

18,569 

90 

10,655 

12,031 

13,586 

15,341 

17,323 

19,561 

95 

11,193 

12,639 

14,272 

16,116 

18,198 

20,549 

10  0 

11,728 

13,244 

14,955 

16,387 

19,069 

21,532 

105 

12,261 

13,846 

15,634 

17,654 

19,935 

22,511 

110 

12,792 

14,445 

16,311 

18,419 

20,798 

23,436 

4S 

30 

4,250 

4,799 

5,419 

6,119 

6,910 

7,803 

35 

4,891 

5,523 

6,236 

7,042 

7,952 

8,979 

4  0 

5,523 

6,237 

7,043 

7,953 

8,980 

10,141 
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Table  12.  — Sawtinber  yo3.uwe,  board  feet  ( Internat  ionc>l  i/4-inch  rule)  of 

natural  even-aq^d  stands  of  loblolly  pi,nf  in  the  Ulest  Gulf  qivep 
vvtand  age,  site  index,  and  sawtinber  basal  area    (continue(j) 


Sawt  iwber 

Site  index 

(ft) 

Age 

basal  area 

70 

80 

90 

100 

110 

120 

years 

ft' 



fbm 

AS 

45 

6,149 

6,944 

7,841 

8,854 

9,998 

11,289 

50 

6,769 

7,643 

8,631 

9,746 

11,005 

12,427 

55 

7,383 

8,337 

9,414 

10,630 

12,003 

13,554 

60 

7,992 

9,024 

10,190 

11,507 

12,993 

14,672 

65 

8,596 

9,707 

10,961 

12,377 

13,976 

15,782 

70 

9,197 

10,385 

11,727 

13,242 

14,953 

16,885 

75 

9,793 

11,059 

12,487 

14,101 

15,923 

17,980 

80 

10,386 

11,728 

13,244 

14,955 

16,887 

19,069 

85 

10,976 

12,394 

13,996 

15,804 

17,846 

20,152 

90 

11,563 

13,057 

14,744 

16,649 

18,800 

21,229 

95 

12,147 

13,716 

15,488 

17,489 

19,749 

22,301 

100 

12,728 

14,372 

16,229 

18,326 

20,694 

23,368 

105 

13,306 

15,026 

16,967 

19,159 

21,635 

24,430 

110 

13,883 

15,676 

17,702 

19,989 

22,571 

25,487 

SO 

40 

5,897 

6,659 

7,519 

8,491 

9,588 

10,826 

45 

6,565 

7,413 

8,371 

9,453 

10,674 

12,053 

50 

7,226 

8,160 

9,214 

10,405 

11,749 

13,267 

55 

7,882 

8,900 

10,050 

11,349 

12,815 

14,471 

60 

8,532 

9,635 

10,879 

12,285 

13,872 

15,665 

65 

9,178 

10,363 

11,702 

13,214 

14,922 

16,850 

70 

9,819 

11,087 

12,520 

14,137 

15,964 

18,026 

75 

10,456 

11,807 

13,332 

15,054 

17,000 

19,196 

80 

11,089 

12,522 

14,139 

15,966 

18,029 

20,358 

85 

11,719 

13,233 

14,942 

16,873 

19,053 

21,514 

90 

12,345 

13,940 

15,741 

17,775 

20,071 

22,665 

95 

12,968 

14,644 

16,536 

18,672 

21,085 

23,809 

100 

13,589 

15,344 

17,327 

19,566 

22,093 

24,948 

105 

14,206 

16,042 

18,114 

20,455 

23,098 

26,082 

110 

14,821 

16,736 

18,899 

21,340 

24,098 

27,211 

55 

40 

6,221 

7,025 

7,933 

8,758 

10,115 

11,422 

45 

6,926 

7,821 

8,831 

9,972 

11,261 

12,716 

50 

7,624 

8,609 

9,721 

10,977 

12,395 

13,997 

55 

8,315 

9,390 

10,603 

11,973 

13,520 

15,267 

60 

9,001 

10,164 

11,478 

12,961 

14,635 

16,526 

65 

9,682 

10,933 

12,346 

13,941 

15,742 

17,776 

70 

10,359 

11,697 

13,208 

14,915 

16,842 

19,018 

75 

11,031 

12,456 

14,065 

15,882 

17,735 

20,252 

BO 

11,699 

13,210 

14,917 

16,844 

19,021 

21,478 

85 

12,363 

13,960 

15,764 

17,801 

20,101 

22,698 

90 


13,024 


14,707 


16,607 


18,752 


21,175 


23,911 


37 


Table  12. — Sawtiwber  volgMe.  board  feet  (International  i/4-inch  rule)  of 

natural    even-aged    stancis    of    loblolly    pine    in    the    tJ^st    Gul|f    given 
rtvtand    aq^ .    site    index  .    and    sawtiMber    basal    area    (continued) 


Sawt  iMber 

Site  index 

(ft) 

Age 

basal  area 

70 

80 

90 

100 

110 

120 

years 

ft' 

fb?n 

55 

95 

13,682 

15,449 

17,445 

19,699 

22,244 

25,118 

iOO 

14,336 

16,188 

18,280 

20,642 

23,309 

26,320 

105 

14,988 

16,924 

19,111 

21,580 

24,368 

27,516 

iiO 

15,637 

17,657 

19,938 

22,514 

25,423 

28,708 

60 

40 

6,505 

7,346 

8,295 

9,366 

10,577 

11,943 

45 

7,242 

8,178 

9,234 

10,427 

11,775 

13,296 

50 

7,972 

9,002 

10,165 

11,478 

12,961 

14,636 

55 

8,695 

9,818 

11,087 

12,519 

14,137 

15,963 

60 

9,412 

10,628 

12,001 

13,552 

15,303 

17,280 

65 

10,124 

11,432 

12,909 

14,577 

16,461 

18,587 

70 

10,831 

12,231 

13,811 

15,595 

17,610 

19,886 

75 

11,534 

13,024 

14,707 

16,607 

18,753 

21,176 

80 

12,233 

13,813 

15,598 

17,613 

19,889 

22,458 

85 

12,927 

14,597 

16,483 

18,613 

21,018 

23,733 

90 

13,618 

15,378 

17,365 

19,608 

22,141 

25,0  02 

95 

14,306 

16,154 

18,241 

20,598 

23,259 

26,265 

100 

14,990 

16,927 

19,114 

21,584 

24,372 

27,521 

105 

15,672 

17,696 

19,983 

22,565 

25,480 

28,772 

110 

16,350 

18,463 

20,848 

23,541 

26,583 

30,018 
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SUMMARY 

Three  standing  hardwood  tree  species,  with  and  without  heart  rot,  were 
tested  for  responses  to  sound  waves  to  detect  and  estimate  decay.  Decay 
in  Cottonwood  {Populus  deltoides),  green  ash  (Fraxinus  pennsylvanica) , 
and  willow  oak  (Quercus  phellos)  was  detected  when  a  continuous  magnetic 
vibrator  was  used  at  100  Hz  and  1  KHz.  Signal  amplitudes  were  greater 
when  decay  was  present.  Results  suggest  that  equipment  refinement  could 
permit  estimates  of  decay  diameter.  The  decay  was  also  detected  by  in- 
creased transit  time  of  a  150  KHz  and  54  KHz  pulse  signal  using  a  James 
V-meter.  Transit  time  readings  differed  in  incipient  and  advanced  decay. 
The  approximate  diameter  of  the  decay  column  in  green  ash  and  willow  oak 
can  be  determined  in  stems  greater  than  20  cm  diameter. 


Sound  Can  Detect  Decay  in  Standing  Hardwood  Trees 


F.  I.  McCracken  and  S.  R.  Vann 


INTRODUCTION 

Butt  decay  occurs  in  an  estimated  40  percent  of 
southern  hardwood  trees  (McCracken  1974).  Extent 
of  that  decay  has  been  difficult  to  verify  without 
cutting  the  timber.  A  nondestructive  method  for 
determining  decay  in  standing  trees  would  help  man- 
agers select  cuts,  improve  stands,  make  better  sales, 
estimate  volume  losses,  and  identify  hazardous  trees 
in  urban  or  high-use  areas. 

The  need  to  detect  decay  in  standing  trees  has 
prompted  various  methods  based  on  different  con- 
cepts. Sounding  a  tree  by  striking  it  with  a  tool  can 
be  used  to  detect  advanced  decay  or  hollows  in  stand- 
ing trees,  although  this  method  was  ineffective  on 
large  thick-barked  trees  (Boyce  1948).  The  trans- 
mission of  gamma  radiation  through  stems  of  stand- 
ing trees  has  been  used  to  detect  and  estimate  decay 
(Filer  1970).  An  electrical  probe  inserted  in  a  small 
hole  drilled  in  stems  or  timbers  to  measure  electrical 
resistance  will  indicate  stages  of  decay  (Shigo  and 
Shigo  1974).  An  ultrasonic  test  originally  developed 
to  detect  structural  defects  in  concrete  (Leslie  and 
Cheesman  1949)  has  been  used  to  test  wood  prod- 
ucts for  strength  and  defects  (McDonald  1978). 
Sound,  coupled  with  electronic  measuring  equip- 
ment, has  potential  as  a  nondestructive  method  to 
detect  and  estimate  decay  in  standing  hardwood 
trees.  This  study  evaluates  this  concept. 


METHODS  AND  MATERIALS 

Conducting  experiments  required  modifying  and 
integrating  a  variety  of  electronic  and  mechanical 
devices.  The  basic  item  was  a  square  wave  pulse 
generator  which  provided  frequencies  from  10  Hz  to 
100  KHz.  The  signal  was  amplified  by  a  125-watt 
audio  unit  to  power  a  3X5-cm  vibrator,  consisting 
of  an  electromagnet  within  a  cylindrical  permanent 
magnet  with  a  metal  diaphragm  over  one  end.  A 
receiver  to  detect  the  sound  was  made  by  replacing 


the  needle  of  a  phonograph  cartridge  with  a  0.5  g 
brass  weight  and  firmly  setting  the  cartridge  within 
a  2.5X7.6-cm  aluminum  tube.  Metal  screws  (14X4 
mm)  permanently  fixed  to  the  vibrator  and  receiver, 
were  used  to  attach  the  devices  to  the  trees  during 
testing.  The  receiver  was  connected  to  an  oscilloscope 
with  a  1-watt  amplifier  in  the  line.  All  circuits  were 
connected  with  75  ohm  coaxial  cable.  Power  for  field 
operation  was  provided  by  two  12-volt,  lead-acid 
batteries,  which  were  charged  daily  to  maintain 
maximum  efficiency.  A  12-volt  DC  to  120-volt  AC  in- 
verter powered  the  signal  generator  and  oscilloscope. 
Signal  responses  to  100  Hz  and  1  KHz,  as  seen  on 
the  oscilloscope  during  testing,  were  photographed. 
Components  of  the  continuous  vibrator  system  were 
placed  in  a  case  for  field  use  (fig.  1). 

The  V-meter  Model  C  490z  of  James  Instruments, 
Inc.,  an  ultrasonic  system  for  testing  various  build- 
ing materials,  was  also  tested  for  detecting  decay. 
The  transit  times  in  microseconds  (/us)  of  pulse 
signals  using  standard  and  exponential  54  KHz  trans- 
ducers and  150  KHz  transducers  were  compared. 

Three  hardwood  species  of  merchantable  size, 
willow  oak  (Quercus  phellos  L.)  26-47  cm  dbh  (dia- 
meter breast  height),  green  ash  {Fraxinus  pennsyl- 
uanica  Marsh.)  21-43  cm  dbh,  and  cottonwood 
{Populus  deltoides  Bartr.)  34-57  cm  dbh,  were  chos- 
en to  represent  a  variety  of  wood  types.  Eight  trees 
of  each  —  in  pairs  of  similar  size,  one  with  known 
decay  and  one  without  —  were  selected  for  testing. 

The  response  readings  were  taken  from  cardinal 
directions  at  vertical  positions  marked  at  30  cm 
intervals  above  ground  to  a  height  of  3  m.  The  tree 
bark  was  reduced  by  a  spade  bit  in  an  electric  drill 
to  1  mm  thickness  in  a  5  cm  diameter  flat  area  at 
each  sample  point. 

Trees  were  cut  following  field  observations  and  a 
10  cm  thick  disk  removed  at  each  of  the  vertical 
measurement  locations.  The  diameter  of  the  stem, 
sound  wood,  and  decayed  wood  were  measured  on 
each  disk,  along  with  moisture  content  and  specific 
gravity  (Heinricks  and  Lassen  1970). 


Principal  Plant  Pathologist  and  Biological  Technician  respectively.  Southern  Hardwoods  Laboratory,  maintained  at  Stone- 
ville,  Miss.  38776,  by  the  Southern  Forest  Experiment  Station,  Forest  Service,  USDA,  in  cooperation  with  the  Mississippi 
Agricultural   and  Forestery  Experiment  Station  and  the  Southern  Hardwood  Forest  Research  Group. 


Figure  1. — Continuous  vibrator  system  components  used  to  sound  trees  with  low 
frequency  vibrations:  (A)  square  wave  generator  and  oscilloscope;  (B) 
amplifiers;   (C)   power  supply;   (D)    vibrator,   and   (E)   receiver. 


RESULTS  AND  DISCUSSION 

Decay  in  standing  willow  oak,  green  ash,  and  Cot- 
tonwood was  detected  with  the  continuous  vibrator 
system  at  100  Hz  and  1  KHz,  but  not  at  10  Hz,  10 
KHz,  or  100  KHz.  The  signal  amplitude  was  greater 
from  trees  with  decay  than  those  without,  whereas 
signal  vs.  time  was  similar  in  all  types  of  stems  (figs. 
2,  3,  and  4).  In  some  trees  a  direct  correlation  ap- 
peared between  amplitude  and  the  diameter  of  decay, 
but  in  others  it  was  too  variable  to  draw  conclusions. 
Signal  amplitude  was  greater  in  stems  having  5  cm 
or  wider  voids  in  the  decay  column  (fig.  3D).  The 
amplitudes  of  signals  from  green  ash  (fig.  2)  and 
Cottonwood  (fig.  3)  were  similar  to  each  other,  and 
were  greater  than  those  from  willow  oak  (fig.  4). 

The  continuous  vibrator  system  shows  promise  as 
a  tool  for  detecting  and  estimating  the  amount  of 
decay,  even  though  the  system  is  presently  imprac- 
tical. Modifications  and  simplification  of  the  existing 


model  should  provide  an  efficient  model  for  gen- 
eral use. 

Improvements  needed  are:  (1)  a  compact,  ampli- 
fied, fixed  frequency  signal  generator;  (2)  measure- 
ment of  voltage  variations  of  signal  amplitude  di- 
rectly to  eliminate  the  oscilloscope;  and  (3)  a  larger 
vibrator  to  eliminate  the  receiver  to  oscilloscope 
amplifier. 

A  direct  relationship  existed  between  the  dia- 
meter of  healthy  stems  and  the  transit  time  using 
the  James  V-meter  with  the  150  KHz  and  54  KHz 
transducers.  The  slopes  of  the  regression  lines  were 
similar  for  all  three  species,  but  the  intercepts  for 
Cottonwood  were  greater  than  for  the  other  two 
species  (figs.  5,  6,  and  7).  The  150  KHz  transducers 
were  effective  only  on  stems  to  about  30  cm  dia- 
meter. The  54  KHz  transducers  produced  readings 
on  the  largest  stems  sampled,  58  cm  diameter,  and 
the  exponential  54  KHz  receiver  usually  produced 
the  most  consistent  results  as  indicated  by  the 
higher  r^  values  (figs.  5,  6,  and  7).  The  mean  transit 
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Figure  2. — Oscilloscope  response  to  vibrations  of  standing  P.  deltoides  stems  33  cm  diameter:  (A)  100 
Hz,  without  decay:  (B)  1  KHz,  without  decay:  (C)  100  Hz,  with  8-20  cm  dia  decay;  (D)  1 
KHz,  with  8-20  cm  dia  decay.  Oscilloscope  units  equal  0.1  uolts  vertical  and  0.001  seconds 
horizontal. 
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Figure  3. — Oscilloscope  response  to  vibration  of  standing  F.  pennsylvanica  stems  25-27  dia:  (A)  100  Hz, 
without  decay;  (B)  1  KHz.  without  decay;  (C)  100  Hz,  20  cm  dia  decay;  (D)  1  KHz.  20  cm 
dia  decay.  Oscilloscope  units  equal  0.1  volts  vertical  and  0.001  seconds  horizontal. 
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Figure  4. — Oscilloscope  response  to  vibration  of  standing  Q.  phellos  stems  33-35  cm  dia:  (A)  100  Hz, 
without  decay:  (B)  1  KHz  without  decay:  (C)  100  Hz.  20-23  :m  dia  decay;  (D)  1  KHz.  20-23 
cm  dia  decay.  Oscilloscope  units  equal  0.1  volts  vertical  and  0.001  seconds  horizontal. 
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Figure  5. — Predicted  transit  time  (i^s)  of  ultrasonic  pulses  in  P.  deltoides  stems  of 
(d)  diameter  without  decay,  using  the  James  V-meter  with  three  trans- 
ducers. The  regression  equations  are  54  KHz.  fis  =  35.79  +  15.84  (d), 
r2  =  0.57;  54  KHz  exponential  (Exp.).  ,xs  =  22.76  +  16.71  (d).  r^  =  0.60; 
and  150  KHz,  ys  —-46.27+  34.34  (d),  r^  =  0.69.  Attempts  to  meter  stems 
with  decay  produced  an  over  signal  (no  data). 
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Figure  6. — Predicted  transit  time  (fis)  of  ultrasonic  pulses  in  F.  pennsylvanica 
stems  of  (d)  diameter  without  decay,  lower  set  of  lines  and  stems  with 
decay,  upper  set  of  lines.  The  regression  equations  for  stems  without 
decay  are  54  KHz,  /xs  =  6.02  +  14.76  (d),  r^  =  0.98;  54  KHz  exponential 
(Exp.),  lis  =  19.35  +  14.16  (d),  r^  =  0.94;  150  KHz,  ^s  =  1.48  +  15.32 
(d),  r^  =0.97.  The  regression  equations  for  stems  with  decay  are  54 
KHz,  /is  =  —127.98  +  33.01  (d),  r^  -  0.57;  54  KHz  Exp..  /is  =  —160.35 
+  35.32  (d),  r2  =  0.74;  150  KHz,  /is  =  —76.84  +  27.15  (d),  /2  =  0.39. 


time,  using  the  54  KHz  exponential  transducer,  was 
6.2  /xs/cm  in  non-decayed  green  ash  and  oak  and 
7.2  jxs/cm  in  cottonwood.  Transit  times  were  unaf- 
fected by  variations  in  moisture  content  and  specific 
gravity  of  the  samples,  but  wood  altered  by  decay 
resulted  in  increased  transit  times  in  all  species. 

Decay  in  cottonwood  produced  inconsistent  and 
high,  350  /is-oversignal,  readings  with  all  trans- 
ducers. Decay  in  green  ash  and  willow  oak  stems, 
greater  than  20  cm  diameter,  always  increased  the 
transit  time;  however,  consistent  readings  were  ob- 
tained with  the  54  KHz  transducers. 

Transit  times  in  decayed  wood  varied  as  much  as 
10  /xs/cm  in  incipient  decay  to  25  /xs/cm  in  advanced 
decay;  thus  reliable  estimates  of  the  decay  column 
diameter  were  impractical.  However,  the  presence 
of  decay  and  the  approximate  diameter  of  the  decay 
column  can  be  determined  with  the  54  KHz  ultra- 
sonic pulse  signal  of  the  James  V-meter  by  compar- 


ing sample  data  with  that  presented  in  figures  6  and 
7. 

The  method  of  coupling  the  transducers  to  the 
tree  needs  improvement.  Reducing  the  bark  in  a 
50-60  mm  diameter  tree  to  a  thin  layer  greatly 
reduces  variability  in  transit  time  readings,  but  this 
troublesome  procedure  can  result  in  damaging 
wounds  to  the  trees.  Bark  reduction  or  removal  in 
a  4-5  mm  diameter  area,  as  required  for  the  54  KHz 
exponential  transducer,  would  reduce  wound  size 
and  facilitate  the  use  of  the  James  V-meter  in  de- 
tecting decay  in  standing  trees. 

Decay  in  standing  cottonwood,  green  ash  and  wil- 
low oak  can  be  detected  reliably  using  the  lower 
(54  KHz)  ultrasonic  pulse  signal  of  the  James  V- 
meter.  However,  the  diameter  of  the  decay  column 
cannot  always  be  determined,  since  the  transit  time 
is  affected  by  the  variable  condition  of  the  decayed 
wood  as  well  as  the  amount  of  decayed  wood. 


400 


300 


200 


WO 


10 


20  30  40 

DIAMETER  (cm) 


50 


60 


Figure  7. — Predicted  transit  time  (ijls)  of  ultrasonic  pulses  in  Q.  phellos  stems  of 
(d)  diameter  without  decay,  lower  set  of  lines,  and  stems  with  decay, 
upper  set  of  lines.  The  regression  equations  for  stems  without  decay  are 
54  KHz,  IMS  =  —10.52  +  16.42  (d),  r^  =  0.92;  54  KHz  exponential  (Exp.), 
/iS  =  7.42  +  15.06  (d),  r^  =  0.95;  150  KHz,  fis  =  —0.73  +  16.09  (d), 
r2  =  0.83.  The  regression  equations  for  stems  with  decay  are:  54  KHz, 
yus  =  —91.15  +  30.51  (d)  r2  =  0.59;  54  KHz  Exp.,  fis  =  —69.61  +  27.58 
(d)  r2  =  0.72;  150  KHz,  fis  =  10.12  +  20.88  (d),  r^  =  0.21. 
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Water  Tupelo  in  the  Atchafalaya  Basin 
Does  Not  Benefit  from  Thinning 

Harvey  E.  Kennedy,  Jr. 


SUMMARY 

Water  tupelo  occurs  on  about  4  million  acres  in 
tlie  Soutli  and  Soutlieast.  Its  wood  is  exceptionally 
clear  and  defect-free  and  is  used  primarily  for  ve- 
neer and  box  lumber.  Most  stands  are  dense,  stag- 
nated, and  appear  to  need  thinning  or  some  other 
type  stand  improvement  work.  But  in  a  typical  stand 
in  the  Atchafalaya  Basin  residual  trees  showed  no 
significant  growth  response  to  thinning.  Reasons 
could  be  age  of  stand,  small  live  crown  ratio,  and 
yearly  defoliation  by  the  forest  tent  caterpillar. 
Greatest  benefit  from  thinning  is  probably  salvage 
of  trees  that  would  otherwise  be  lost  through  mor- 
tality. 

Additional  Iteywords:  Nyssa  aquatica,  wetlands, 
flooding,  growth,  volume. 


to  leave  the  basal  wood.  Laundrie  and  McKnight 
(1969)  reported  that  bleached  kraft  and  neutral  sul- 
fite semichemical  pulps  made  from  butt  swells  of 
water  tupelo  were  well  suited  for  manufacture  of 
greaseproof  papers  and  a  good  quality  corrugating 
medium. 

There  are  about  4  million  acres  of  water  tupelo 
in  the  South  and  Southeast.  Most  of  this  acreage  is 
dense,  stagnated,  and  appears  to  need  thinning  or 
some  type  of  stand  improvement  work.  Growth  rates 
are  usually  low.  This  paper  reports  on  the  growth 
response  of  water  tupelo  to  four  thinning  intensities 
in  a  typical  stand  in  the  Atchafalaya  Basin.  The  re- 
sults are  probably  applicable  over  most  of  the  area 
where  water  tupelo  is  found. 


METHODS 


INTRODUCTION 

Water  tupelo  (Nyssa  aquatica  L.)  grows  most  com- 
monly in  swamplands  and  bottomlands  along  water- 
courses in  the  South  and  Southeast.  It  normally 
grows  in  even-aged  dense  stands  with  or  without 
cypress  {Taxodium  distichum  (L.)  Rich)  and  other 
tupelos.  The  wood  is  exceptionally  clear  and  defect- 
free  and  is  used  primarily  for  veneer  and  box  lum- 
ber. Small  dimension  trees  are  used  for  crosgties 
and    pulpwood. 

Water  tupelo  typically  has  a  long,  clean  bole 
strongly  buttressed  at  the  base.  Trees  are  cut  near 
the  top  of  the  butt  swell,  which  may  be  as  much  as 
8  feet  aboveground,  or  they  are  felled  and  bucked 


The  stand  was  fairly  uniform  and  well  stocked 
except  for  remnants  of  some  old  pullboat  roads 
used  in  logging  the  virgin  cypress  and  tupelo.  It  is 
typical  of  forests  found  on  thousands  of  acres  of 
swampland  in  the  South  and  Southeast  (fig.  1). 
When  the  study  was  started  in  1967,  stand  basal 
area  was  about  250  square  feet  per  acre;  trees 
averaged  about  13  inches  in  diameter  above  the  butt 
swell  and  65  feet  in  height.  Two  crown  classes, 
codominant  and  suppressed,  were  represented  al- 
though most  trees  were  codominant. 

The  individual  crop-tree  approach  was  used.  Forty 
codominant  trees,  which  normally  should  be  left  as 
crop  trees  during  thinning,  were  randomly  selected. 

One  of  the  following  treatments  was  randomly 
assigned  to  each: 
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1.  Check — no  thinning. 

2.  Light  thinning — measure  out  10  feet  on  each 
side  from  center  of  sample  tree  and  cut  all 
trees  within  the  20-  X  20-foot  square. 

3.  Medium  thinning — same  as  light  thinning,  ex- 
cept measure  out  15  feet  from  center  of 
sample  tree. 

4.  Heavy  thinning — same  as  light  thinning,  except 
measure  out  20  feet  from  center  of  sample  tree. 

These  thinnings  would  leave  about  109,  48,  and 
27  trees  per  acre,  respectively.  Individual  tree  thin- 
ning treatments  appear  open  to  question  by  some, 
but  our  data  are  sound  and  similar  to  those  reported 
by  McGarity  (1979). 

After  treatments  were  assigned,  trees  to  be  re- 
moved were  marked  and  diameter  of  each  measured 
at  a  point  above  the  butt  swell.  This  was  considered 
to  be  where  diameter  of  merchantable  stem  would 
be  measured — about  6-7  feet  above  ground  line. 
These  were  used  to  calculate  basal  area  removed 
around  each  tree.  Stand  age  was  determined  by 
representative  ring  counts. 

Study  trees  were  marked  so  diameter  measure- 
ments could  be  made  at  the  same  location  each 
time.  Measurements  of  diameter  above  the  butt  swell, 
total  height,  merchantable  height,  crown  width,  and 
live  crown  ratio  viere  made  when  the  study  was  in- 
stalled, and  at  the  end  of  5  and  12  growing  seasons. 

Diameter  measurements  were  made  on  30  cut 
trees  at  1  and  4  feet  above  groundllne,  then  up  every 
4  feet  to  a  4-inch  outside  bark  diameter.  Total  tree 
height  and  length  of  butt  swell  were  also  measured. 
Cubic-foot  volumes  in  butt  swell,  merchantable  stem, 
and  total  tree  were  calculated  using  Smalian's  for- 
mula. Percent  volume  In  butt  swell  In  each  tree  was 
computed  using  the  ratio  of  volume  In  butt  swell  to 
volume  in  total  tree. 

A  completely  randomized  design  with  10  replica- 
tions of  each  treatment  was  used  for  the  study. 
Analysis  of  variance  using  a  completely  randomized 
design  was  used  to  test  differences  between  treat- 
ments at  the  0.05  level  of  significance. 

RESULTS  AND  DISCUSSION 

Ring  counts  on  cut  trees  showed  the  stand  to  be 
about  55  years  old  (table  1).  An  average  of  four  trees 
and  2  square  feet  of  basal  area  was  removed  around 
each  tree  In  the  light  thinning  treatment,  nine  trees 
and  5.6  square  feet  of  basal  area  In  the  medium 
thinning,  and  16  trees  and  10  square  feet  of  basal 
area  in  the  heavy  thinning. 


Figure  1. — Typical  water  tupelo  stand  similar  to  the  study  area. 


Thinning  intensity  had  no  significant  effect  on 
diameter  growth,  total  height,  or  merchantable 
height.  Diameters  Increased  by  1.7,  1.4,  1.5,  and 
1.1  Inches  In  the  check,  light,  medium,  and  heavy 
thinning  treatments,  respectively,  during  the  12 
years  of  this  study.  Heights  increased  by  6,  9,  8, 
and  9  feet,  respectively. 

Thinning  intensity  did  significantly  affect  changes 
in  crown  area.  Trees  in  the  medium  thinning  treat- 
ment had  a  significantly  larger  crown  change  than 
the  heavy  thinning,  with  no  difference  between  the 
check  and  light  thinning.  This  Is  unusual  as  normally 
a  larger  Increase  in  crown  size  In  the  heavier  thin- 
ning would  be  expected.  By  treatment,  40  percent 
of  the  trees  In  check  plots  decreased  in  crown  area 
over  the  12  years,  none  in  the  light,  30  percent  in 
the  medium,  and  40  percent  in  the  heavy.  Crown 
area  decrease  may  be  because  of  death  of  branches 
in  the  lower  crown. 
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Table  1. — Average  diameters  above  butt  swell,  total  and  merchantable  heights,  crown  widths,  and  percent  live  crown  by  treatment 
and  date 


Check 

10X10 

15X15 

20x20 

Measurement 

1967 

1972 

1979 

1967 

1972 

1979 

1967 

1972 

1979 

1967 

1972 

1979 

Total  height  {ft.) 

66 

72 

72 

65 

73 

74 

66 

72 

74 

65 

71 

74 

Diameter  {in.) 

13.0 

14.4 

14.7 

13.9 

14.8 

15.3 

13.7 

14.5 

15.2 

13.6 

14.6 

14.7 

Merch.  height  {ft.) 

51 

57 

57 

53 

55 

56 

53 

56 

58 

51 

56 

59 

Crown  width  {ft.) 

15x17 

18X18 

16x15 

14x17 

17X19 

18X18 

15X17 

18x19 

18x19 

15x16 

17X19 

14X16 

Live  crown  (%) 

23 

21 

23 

20 

23 

24 

22 

22 

22 

22 

20 

18 

Live  crown  ratios  averaged  about  20-22  percent 
throughout  the  study  period.  The  live  crown  is  prob- 
ably too  small  a  proportion  of  the  tree  to  respond 
to  thinning.  A  general  rule  is  to  keep  at  least  half  of 
the  tree  in  live  crown  for  best  growth. 

Typically,  water  tupelo  is  cut  near  the  top  of  the 
butt  swell,  which  may  be  as  much  as  8  feet  above 
ground,  or  they  are  cut  low  and  bucked  to  leave  the 
butt  swell  portion.  Measurements  on  cut  trees  in 
this  study  showed  that  from  30-68  percent  of  the 
total  cubic  foot  volume  was  in  the  butt  swell,  with 
an  average  of  47  percent  of  the  total  volume  left 
when  the  butt  swell  portion  was  not  used. 


SUMMARY  AND  CONCLUSIONS 

Trees  showed  no  significant  response  to  thinning 
in  this  stand.  Reasons  could  be  twofold:  (1)  trees 
were  too  old  and  the  live  crown  ratio  (20-22  percent) 
was  too  low  before  thinning,  and  (2)  the  stand  was 
defoliated  each  year  of  the  study  by  the  forest  tent 
caterpillar  {Malacosoma  disstria  Hubner).  Forest  tent 
caterpillar  defoliation  each  year  may  be  a  key  to  the 
lack  of  response.  Morris  (1975)  reported  that  studies 
in  Alabama  showed  5-year  growth  losses  of  70  per- 
cent or  more  in  tupelos  defoliated  each  year.  Equal 
losses  were  estimated  for  trees  in  Louisiana.  Morris 
reported  that  trees  do  not  usually  die  when  repeat- 
edly defoliated  but  cannot  grow.  Within  a  month 
after  feeding  stops,  new,  stunted  leaves  appear.  But 
these  merely  maintain  life  until  the  next  season 
when  the  cycle  is  repeated. 

McGarity  (1979)  reported  on  10-year  results  from 
thinning  and  clearcutting  in  a  cypress-tupelo  swamp. 


However,  because  of  within-replication  differences 
of  tree  size,  stocking,  and  species  distribution,  only 
a  simple  arithmetical  summary  was  presented.  From 
the  10-year  growth  data,  it  appears  that  McGarity's 
results  are  similar  to  this  study  except  possibly  in 
the  control  plot. 

An  average  of  47  percent  of  the  total  tree  cubic 
foot  volume  in  this  study  is  left  in  the  woods  if  the 
butt  swell  is  not  utilized.  But,  this  wood  is  suitable 
for  manufacture  of  greaseproof  paper  and  corrugat- 
ing medium. 

Results  of  this  study  indicate  that  even  heavy 
thinning  in  water  tupelo  may  not  increase  growth  on 
the  residual  trees.  The  greatest  benefit  from  thinning 
may  be  the  salvage  of  trees  that  might  otherwise  die 
and  the  resultant  increase  in  recoverable  yield  over 
the  rotation  of  the  stand. 

Logging  problems  in  a  tupelo  swamp  require  that 
substantial  volume  be  removed  or,  more  likely,  clear- 
cutting  be  done  to  justify  the  expense.  It  is  possible 
that  thinning  may  not  be  economically  feasible  even 
if  a  growth  response  is  expected. 
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A  Vacuum-Aspirator  for  Counting  Termites 


Susan  C.  Jones  and  Joe  K.  Mauldin 


SUIVIMARY 

An  aspirator-system  powered  by  a  vacuum  cleaner 
is  described  for  manually  counting  termites.  It  is 
significantly  faster  and  termite  survival  is  at  least 
as  high  as  when  using  a  mouth-aspirator  for  count- 
ing large  numbers  of  termites. 

Keywords:  Vacuum-aspirator,  termites. 


INTRODUCTION 

Termites  can  be  reliably  counted  in  a  relatively 
short  time  using  an  aspirator  in  which  the  suction  is 
created  by  a  small  electric  vacuum  cleaner  (Sears® 
SPV,2  110  volt).  To  minimize  noise  levels,  the  vac- 
uum cleaner  is  placed  outside  the  building  and  con- 
nected to  the  working  area  via  rigid  PVC  pipe  (2.5 
cm  inner  diameter).  The  end  of  a  tee  connector  is 
left  open  to  reduce  the  vacuum  to  an  acceptable 
level.  The  vacuum  can  be  further  minimized  by  drill- 
ing small  holes  in  the  PVC  pipe.  Caution  should  be 
taken  to  reduce  the  vacuum  to  a  level  so  as  not  to 
injure  termites. 

A  section  of  PVC  pipe  is  positioned  along  the 
back  of  a  work  table  to  form  a  manifold  into  which 
several  aspirators  can  be  inserted  and  used  at  the 
same  time  (fig.  1).  One  section  of  a  Nalgene®  quick- 


Figure  i. — Vacuum  manilold  with  aspirators  for  counting  sub- 
terranean termites. 
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disconnect  tubing  connector  is  fitted  in  each  hole 
drilled  at  intervals  along  the  pipe.  Aspirators,  sim- 
ilarly fitted  with  connectors,  then  are  hooked  up  to 
the  manifold  by  appropriate  lengths  of  Tygon* 
tubing. 

Aspirators,  modified  30-dr  plastic  pill  containers, 
are  fitted  with  a  pick-up  nozzle  and  vacuum  con- 
nector. The  nozzle  is  made  from  a  20-cm  length  of 
6  mm  (outer  diameter)  glass  tubing  bent  at  right 
angles  approximately  5  cm  from  one  end.  This  end 
is  heated  and  forced  through  the  center  of  the  plas- 
tic container  lid.  The  tubing  connector  is  inserted 
through  a  hole  drilled  next  to  the  glass  tube  in  the 
cap.  A  small  piece  of  copper  screen  is  heated  and 
secured  over  the  interior  opening  of  the  tubing 
connector  to  prevent  termites  and  debris  from  being 
drawn  out  of  the  container.  Silicon  caulking  com- 
pound is  useful  for  sealing  leaks  in  the  cap.  Ad- 
justable clamps  on  each  piece  of  Tygon"  tubing 
will  regulate  the  vacuum  to  each  aspirator. 

The  dimensions  given  for  the  vacuum  system  are 
appropriate  for  counting  subterranean  termites  {Re- 
ticulitermes  spp.  and  Coptotermes  formosanus  Shir- 
raki)  as  they  are  aspirated.  For  other  types  of  in- 


sects, the  system  might  be  modified  by  adjusting 
the  vacuum  and  tubing  diameters. 

The  methods  were  compared  by  timing  how  long 
it  took  to  count  five  replicates  of  100  Reiiculitermes 
flavipes  (Kollar)  workers  from  each  of  three  col- 
onies. Termites  were  placed  on  wood  and  moist 
sand,  and  survival  was  determined  after  either  1,  2, 
3,  or  4  weeks.  The  vacuum-system  method  was 
significantly  faster  than,  and  percent  termite  sur- 
vival (square  root  transformation)  was  at  least  as 
high  as,  the  mouth-aspirator  method  (F-test,  P  < 
0.05). 

Members  of  our  laboratory  routinely  use  this  vac- 
uum aspirator  system  to  count  large  numbers  of 
termites.  Advantages  over  a  mouth-aspirator  include 
operator  safety  and  the  capability  for  counting  large 
numbers  of  termites  over  long  periods  of  time.  Con- 
tinuous use  of  a  mouth-aspirator  often  results  in 
sore  lips  and  occasionally  an  infected  throat. 

Those  who  contributed  ideas  to  the  design  and 
construction  of  aspirator  systems  leading  to  the 
current  one  include:  John  Tynes,  Kenneth  Tynes, 
Alton  Gipson,  Carley  Baxter,  Eldon  Mallette,  Nely 
Rich,  and  Rubien  Yates. 
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Effect  of  Cut-And-Leave  and  Cut-And-Top  Control  Treatments  on 
Within-Tree  Southern  Pine  Beetle  Populations 

G.  D.  Hertel  and  H.  N.  Wallace 


SUMMARY 

Effects  of  the  cut-and-Ieave  and  cut-and-top  treat- 
ments on  within-tree  populations  of  the  southern 
pine  beetle  were  evaluated  in  seven  active  infesta- 
tions in  central  Louisiana.  Beetle  populations  were 
significantly  reduced  only  in  December  by  felling 
freshly  attacked  trees. 

Additional  keywords:  Control,  sampling,  Den- 
droctonus  frontalis  Zimmermann. 


INTRODUCTION 

In  1970,  at  the  height  of  the  most  recent  outbreak 
of  the  southern  pine  beetle  (SPB)  {Dendroctonus 
frontalis  Zimmermann),  the  pest  was  found  on  more 
than  half  the  region's  pine  land.  Records  show  that 
8.5  million  cords  and  2.5  million  board  feet  of  beetle- 
damaged  pine  timber  were  salvaged  from  1960 
through  1978.  This  timber  has  been  valued  at  $200 
million  (Price  and  Doggett  1978).  It  was  estimated 
that  only  one-third  to  one-half  of  the  beetle-affected 
timber  was  salvaged. 

Currently,  four  suppression  methods  for  SPB  are 
recommended:  (1)  salvage  removal,  (2)  cut-and- 
spray,  (3)  pile-and-burn,  and  (4)  cut-and-Ieave.  A 
fifth  method,  cut-and-top,  has  had  limited  use  in 
Texas.  Salvage  removal  is  the  most  widely  used  of 
these  methods.  Often  inclement  weather  conditions, 
administrative  delay  of  sales,  low  volumes  of  timber, 
inaccessibility  of  spots,  or  a  poor  timber  market 
severely  limits  the  effectiveness  of  the  salvage  re- 


moval programs.  During  such  times,  the  other  sup- 
pression methods  offer  advantages. 

Two  alternatives  that  are  relatively  easy  to  apply 
are  cut-and-Ieave  and  cut-and-top.  It  has  been 
shown  that  cut-and-Ieave  reduces  SPB  population 
survival  (Ollieu  1969),  disrupts  natural  aggregation 
behavior  (Gara  1967),  promotes  dispersal,  and  re- 
duces subsequent  tree  mortality  (Billings  and  Pase 
1979). 

The  cut-and-Ieave  treatment  involves  felling  all 
infested  trees  into  an  opening  created  by  dead 
"black-  and  red-topped"  trees.  This  usually  results 
in  a  large  pile  of  infested  trees.  When  the  crowns 
are  left  intact,  the  inner  bark  (phloem)  moisture  is 
naturally  dissipated  through  transpiration. 

The  cut-and-top  procedure  is  applied  in  the  same 
way  as  cut-and-Ieave,  except  that  the  tops  are 
severed  from  the  bole.  Proponents  of  the  procedure 
believe  that  removing  the  top  in  the  winter  prevents 
transpiration  and  thus  maintains  abnormally  high 
moisture  levels  that  adversely  affect  developing 
broods. 

In  both  the  cut-and-Ieave  and  cut-and-top  meth- 
ods, a  buffer  strip  of  green  pines  (equal  in  width 
to  the  height  of  infested  trees)  is  cut  in  front  of 
recently  attacked  trees  to  prevent  further  attacks 
on  adjacent  trees  (Coster  and  Johnson  1979).  The 
disruption  of  the  natural  pheromone  source  ap- 
parently encourages  beetles  to  disperse  at  a  time 
when  they  may  not  be  physiologically  ready  to  do 
so  (Hedden  and  Billings  1977). 

This  note  describes  the  influence  of  cut-and-Ieave 
and  cut-and-top  on  beetle  numbers. 
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METHODS 


RESULTS  AND  DISCUSSION 


From  1975  to  1976,  evaluations  were  conducted 
in  Louisiana  to  determine  the  effect  of  the  cut-and- 
leave  and  cut-and-top  treatments  on  beetle  num- 
bers. 

The  study  areas  were  in  the  Catahoula  and 
Evangeline  Ranger  Districts  of  the  Kisatchie  Na- 
tional Forest,  located  in  Grant  and  Rapides  Par- 
ishes. All  trees  were  loblolly  pines  {Pinus  taeda  L.) 
and  ranged  in  diameter  from  13  to  48  cm.  Treat- 
ments were  started  on  November  1,  1975,  and 
ended  on  September  10,  1976.  Seven  separate  spots 
were  located  and  treated.  In  all  cases,  the  cut-and- 
leave  and  cut-and-top  trees  were  felled  and  exposed 
to  full  sunlight.  The  standing  untreated  trees  were 
shaded  on  all  sides,  and  none  of  the  residual  vege- 
tation was  removed.  Treated  and  untreated  trees 
v.ere  located  within  the  same  group  of  infested 
trees  (spot). 

The  population  sampling  techniques  and  equip- 
ment used  for  taking  the  lOO-cm^  bark  samples  were 
similar  to  those  reported  by  Coulson  et  al.  (1975). 
The  first  set  of  bark  samples  was  taken  on  the  first 
day  of  treatment,  prior  to  tree  felling,  from  all  the 
infested  trees  in  that  spot.  Two  sample  disks  (north 
and  south)  were  collected  at  1.4  m  intervals,  starting 
1.4  m  from  the  ground,  along  the  infested  bole. 
The  cut-and-leave  and  cut-and-top  trees  were  im- 
mediately cut  after  sampling  and  exposed  to  full 
sunlight.  A  second  set  of  bark  samples  was  taken 
just  prior  to  beetle  emergence.  Two  samples  at 
each  sampling  interval  (1.4  m)  were  taken  on  each 
untreated  tree,  and  four  samples  were  taken  at 
each  sampling  interval  from  the  cut-and-leave  and 
cut-and-top  trees.  These  samples  were  incubated 
in  rearing  cups  for  30  days  to  collect  emerging 
adults. 

Total  numbers  of  insects  on  each  tree  for  each 
sample  date  were  estimated  by  the  topological 
mapping  technique  (Pulley  et  al.  1976).  Two  vari- 
ables were  analyzed  —  survival  and  numbers  of 
offspring  per  attacking  adult.  A  one-way  analysis 
of  variance  was  performed  using  the  actual  data  to 
conduct  a  multiple  range  test  on  the  treatment  dif- 
ferences. A  two-way  analysis  of  variance  was  done 
for  the  survival  data.  Duncan's  Multiple  Range  Test 
was  used  to  determine  if  pairs  of  plots  were  sig- 
nificantly di;ferent  from  each  other. 


Survival 

For  trees  with  late  brood  stages  (large  larvae, 
pupae,  callow  adults),  there  were  no  significant 
di'ferences  (P  >  0.05)  in  survival  among  treatments, 
dates,  and  treatment  by  date  interactions.  Sur- 
vival means  for  different  treatments  were  variable 
throughout  the  year.  Table  1  presents  average 
beetle  survival  by  treatment  and  date.  Overall 
averages  show  that  the  two  treatments  reduced 
survival  11  and  15  percent  over  survival  in  the  un- 
treated trees.  However,  survival  in  the  untreated 
trees  was  greatest  for  only  three  of  the  five  dates. 

In  cut-and-top  trees,  average  beetle  survival 
ranged  from  8  to  46  percent.  The  largest  survival 
percentages,  in  March  and  September,  reflect  a 
majority  of  pupae  and  callow  adults  in  the  study 
trees  as  compared  to  other  treatment  months, 
December  and  August,  when  primarily  larvae  were 
present.  Beetle  survival  in  untreated  trees  in  July 
(32  percent)  was  similar  to  the  July  results  (34 
percent)  of  Palmer  and  Coster  (1978). 

Palmer  and  Coster  found  July  survival  in  cut-and- 
leave  trees  to  be  17  percent  compared  to  this  evalu- 
ation's 18  percent.  In  this  evaluation,  cut-and-leave 
beetle  survival  ranged  from  13  to  52  percent.  The 
high  (September)  and  low  (December)  seasonal 
values  in  beetle  survival  were  comparable  to  the 
findings  of  Hodges  and  Thatcher  (1976),  which  had 
been  completed  1  year  prior  to  the  present  evalu- 
ation. 

Cut-and-leave  resulted  in  the  lowest  average  sur- 
vival for  all  seasons.  Average  survival  was  24  per- 
cent for  cut-and-leave,  28  percent  for  cut-and-top, 
and  39  percent  for  controls  (table  1).  This  compares 
to  the  results  of  Hodges  and  Thatcher  (1976),  where 
survival  was  32,  17,  and  35  percent  for  cut-and- 
leave,  cut-and-top,  and  untreated  trees,  respec- 
tively. 

Number  of  Offspring 

Instead  of  survival,  the  number  of  offspring  per 
attacking  adult  was  compared  in  the  trees  contain- 
ing recent  attacks.  In  this  set  of  experiments,  there 
were  significant  dif.erences  (p  <  0.05)  in  offspring 
for   treatments   within   treatment   dates   (table   2). 
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ern Pine  Beetle  Research  and  Applications  Program.  The  findings,  opinions,  and  conclusions  are  the  responsibility  of  the  authors. 
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There  was  no  significant  treatment-by-month  inter- 
action at  the  0.05  level.  This  greater  effect  on  early 
broods  supports  the  findings  of  Ollieu  (1969),  but 
not  those  of  Hodges  and  Thatcher  (1976). 

When  compared  to  untreated  pines,  the  number 
of  offspring  per  attacking  adult  was  significantly 
less  for  the  cut-and-top  and  cut-and-leave  treat- 
ments. Either  lower  egg  production  or  higher  brood 
mortality  accounted  for  this  difference.  The  number 
of  December  offspring  per  adult  was  significantly 
larger  than  those  of  the  other  three  sampling  dates. 


CONCLUSIONS 

In  this  evaluation,  cut-and-leave  and  cut-and-top 
treatments  significantly  reduced  SPB  populations 
only  in  limited  situations.  When  the  felled  trees  were 
freshly  attacked  in  the  winter,  populations  were 
adversely  affected.  It  appears  that  microenviron- 
mental  changes  have  a  greater  opportunity  to  affect 
the  beetle  in  these  trees.  Population  survival  is  re- 
duced by  different  amounts,  depending  on  treat- 
ment and  date  of  application;  however,  it  is  impos- 
sible to  eliminate  the  entire  brood. 

It  is  not  known  how  much  beetle  population  must 
be  reduced  to  prevent  the  breakout  of  a  controlled 
spot.  In  the  summer,  controlled  spots  may  break  out 
but  few  new  ones  are  initiated,  indicating  that  sig- 
nificant beetle  mortality  can  probably  be  attributed 
to  the  dispersal  phase.  This  assumption  is  based 
on  the  belief  that  when  cut-and-leave  and  cut-and- 
top  are  applied,  the  broods  are  placed  in  a  less  than 
desirable  environmental  situation  and  produce  adult 
beetles  that  are  not  physiologically  capable  of  flying 
for  very  long  distances  and  thus  are  not  able  to 
initiate  new  spots  (Billings  and  Pase  1979). 
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Deer  and  Cattle  Forage  Selection 
on  Louisiana  Pine-Hardwood  Sites 


R.  E.  Thil 


SUMMARY 

Seasonal  diets  of  tame  deer  and  cattle  were  studied  on  two  clearcuts  and 
two  uneven-aged  forest  stands  within  the  loblolly-shortleaf  pine-hardwood 
forest  type  in  central  Louisiana.  Seasonal  diet  composition  data  and  relative 
selectivity  ratings  are  presented  for  264  plant  taxa.  Deer  diets  on  forests  and 
clearcuts  were  dominated  yearlong  by  leafy  browse.  Cattle  diets  on  forested 
sites  consisted  mainly  of  grasses  during  summer  and  fall  and  a  mixture  of 
grasses  and  browse  during  winter  and  spring.  Cattle  diets  on  clearcuts  were 
dominated  yearlong  by  grasses  and  grasslike  plants. 


Deer  and  Cattle  Forage  Selection  on  Louisiana  Pine-Hardwood  Sites 


R.  E.  Thill 


INTRODUCTION 


METHODS 


The  loblolly-shortleaf  pine-hardwood  forest  type', 
occupying  about  22  million  hectares  from  east  Texas 
to  northeastern  Virginia,  ranks  second  only  to  bot- 
tomland hardwood  forests  as  prime  habitat  for  white- 
tailed  deer  {Odocoileus  uirginianus) .  Although  stands 
are  typically  characterized  by  a  dense  understory  of 
hardwoods,  shrubs,  and  vines,  substantial  area  is 
grazed  by  cattle.  Knowledge  of  deer  and  cattle  food 
habits  within  this  forest  type  is  needed  to  evaluate 
habitat  quality,  to  assess  deer-cattle  competition,  and 
to  select  and  favor  desirable  forage  species. 

Literature  on  deer  food  habits  within  this  pine- 
hardwood  type  is  fairly  extensive  but  not  definitive. 
For  example,  herbaceous  plants  are  now  recognized 
as  important  dietary  components,  but  much  of  the 
food  habits  literature  is  based  on  utilization  sur- 
veys which  emphasized  woody  plants  (Goodrum  and 
Reid  1959,  Halls  1975).  Furthermore,  much  of  the 
literature  deals  only  with  relative  use  of  different 
species  without  regard  to  forage  availabiUty  (Lay 
1967,  Warren  and  Hurst  1981).  Since  forage  prefer- 
ences are  a  function  of  both  use  and  availability,  for- 
age ratings  based  solely  on  relative  use  may  not  accu- 
rately depict  preferences. 

Very  little  is  known  regarding  cattle  food  habits  on 
pine-hardwood  sites  (McLeod  1953,  Mitchell  1980, 
Thill  and  Martin  1980). 

This  report  provides  information  on  (1)  seasonal 
diets  of  deer  and  cattle  and  (2)  relative  selectivity 
ratings  for  264  plant  taxa  eaten  on  two  clearcuts  and 
two  all-aged  forest  stands  in  central  Louisiana.  Data, 
based  on  direct  observation  of  cattle  and  tame  deer, 
were  collected  during  each  of  the  four  seasons  from 
June  1978  through  July  1980.  Findings  for  clearcuts 
and  forest  sites  are  presented  separately. 


^Scientific  names  of  plants  are  listed  in  appendix  3. 


Study  Areas 

Food-habits  data  were  obtained  from  four  study 
areas  on  the  Catahoula  National  Wildhfe  Manage- 
ment Preserve,  Kisatchie  National  Forest,  Grant  Par- 
ish, Louisiana.  Areas  1  and  5  supported  uneven-aged, 
second-growth  pine  associated  with  an  abundance  of 
hardwoods,  shrubs,  and  vines,  but  little  herbaceous 
forage.  Areas  3  and  4,  clearcut  3  years  prior  to  study 
initiation,  produced  abundant  herbaceous  and  woody 
forages  (Thill  and  Martin  1980).  Areas  1  and  3  had 
a  long  history  of  moderate  to  heavy  yearlong  grazing 
by  cattle  and  wild  hogs,  but  light  recent  use.  Herbage 
utilization  estimates  from  March  through  September 
1979  were  10%  on  Area  1  and  35%  on  Area  3,  and 
were  approximately  the  same  during  1978  and  1980. 
Areas  4  and  5  had  little  or  no  cattle  use  for  at  least 
10  years  prior  to  this  study.  None  of  the  areas  had 
been  burned  for  at  least  5  years.  The  local  deer  popu- 
lation was  healthy,  heavily  hunted,  and  below  carry- 
ing capacity.  Clearcut  sampling  areas  averaged  about 
2.2  ha  each;  forest  sites  varied  from  7  ha  for  Area  1 
to  25  ha  for  Area  5. 


Procedures 

Basal  area  and  density  of  trees  1.37  m  or  taller 
were  measured  using  point-sampling  procedures. 
Current-year  production  of  browse  (<1.52  m  tall), 
forbs,  grasses,  and  grasslike  plants  was  estimated  dur- 
ing September  1978  (1979  for  Area  5).  Frequency  of 
occurrence  data,  provided  as  an  index  of  relative 
availabihty,  were  obtained  during  June  1979  and 
July  1980  from  an  average  of  194  circular  0.89  m- 
quadrats  on  each  forest  site  and  an  average  of  154 
circular  0.22  m-  quadrats  on  each  clearcut.  All  meas- 
urements were  collected  at  fixed  intervals  along  ran- 
domly   selected    parallel    transects.    Woody    plants 


R.  E.  Thill  is  Range  Scientist,  Southern  Forest  Experiment  Station.  Forest  Service— USDA,  Alexandria,  LA. 


projecting  over  the  plots  to  a  height  of  1.52  m  and 
all  herbaceous  plants  rooted  within  the  plots  were 
included  in  production  measurements  and  tallied  for 
frequency  of  occurrence  determinations.  Frequency 
data  presented  here  are  averages  for  2  years. 

Food-habits  data  were  obtained  by  close  observation 
of  foraging  cattle  and  tame  deer.  Feeding  trials  were 
conducted  over  a  31  to  53  day  interval  during  each 
of  the  four  seasons.  Deer  and  cattle  were  generally 
observed  for  a  minimum  of  3  days  on  each  area  each 
season,  with  trial  dates  distributed  fairly  uniformly 
throughout  each  season.  Data  were  usually  collected 
from  a  minimum  of  3  deer  and  3  cattle,  but  as  many 
as  9  animals  of  each  type  were  observed.  Feeding 
trials  were  begun  at  random  starting  points  and  lasted 
for  30  to  90  minutes,  generally  between  0800  and 
1500  hours.  Cattle  were  generally  observed  unre- 
strained; deer  were  leashed  but  were  allowed  to  graze 
freely.  Deer  were  grazed  on  a  variety  of  sites  prior  to 
each  trial  and  throughout  taming  and  training  to 
acquaint  them  with  different  associations  of  available 
forage.  Between  trials  deer  were  maintained  on  a  com- 
mercial horse  and  mule  feed  supplemented  with  a 
wide  variety  of  native  plants.  Cattle  grazed  native 
forest  range  between  trials  and  had  yearlong  access 
to  salt  and  bone  meal. 

Diets  were  quantified  using  bite-count  procedures 
(Thill  and  Martin  1980).  Forest  and  clearcut  data 
were  treated  separately.  Diet  composition  values  are 
percentages  that  each  species  contributed  to  the  total 


bite-count  for  each  season  and  area.  Within  each  sea- 
son and  area,  diet  composition  values  of  each  species 
were  averaged  across  years;  these  averages  were  then 
weighted  across  areas  in  proportion  to  the  number  of 
years  of  data  available  per  area.  Two  years  of  deer 
and  cattle  data  were  collected  on  all  sites  for  winter 
and  spring.  There  were  2  years  of  deer  and  cattle  fall 
data  for  Areas  1,  3,  and  4,  but  only  1  year  for  Area  5. 
There  were  2  years  of  summer  cattle  data  for  Areas  1, 
3,  and  4,  and  1  year  for  Area  5.  There  were  3  years  of 
deer  summer  data  for  Areas  1,  3,  and  4,  and  2  years 
for  Area  5. 

Forage  selectivity  values  were  computed  by  divid- 
ing the  average  percent  diet  composition  value  of 
each  species  by  its  average  percent  frequency  of  oc- 
currence. Thus,  given  two  plants  represented  equally 
in  the  diet,  the  one  occurring  most  infrequently  on 
the  study  area  would  receive  the  highest  selectivity 
value.  Plants  which  were  eaten  but  not  encountered 
during  frequency  of  occurrence  surveys  were  arbi- 
tarily  assigned  a  frequency  of  one-half  of  the  mini- 
mum— i.e.,  0.05  for  forests  and  0.10  for  clearcuts. 
Plants  were  then  ranked  on  the  basis  of  these  selec- 
tivity values,  divided  into  5  groups,  and  assigned 
integer  values  of  1  (lowest  selectivity)  through  5 
(highest  selectivity);  plants  not  eaten  were  assigned 
a  value  of  zero. 

Scientific  names  conform  to  the  National  List  of 
Scientific  Plant  Names  (U.S.  Department  of  Agricul- 
ture 1982).  Common  names  of  trees  are  from  Little 


Table  1. — Overstory  characteristics  of  forested  sampling  areas  and  current-year  produc- 
tion (ovendry  weight  in  September)  of  understory  plants  on  four  study  areas, 
Kisatchie  National  Forest,  Louisiana 


Forests 

Clearcuts 

Area  1 

Area  5 

Area  3 

Area  4 

Overstoryi 

Stocking  (stems/ha) 
Pine 
Hardwood 

612 
377 

383 
961 

876 

1,358 

254 

839 

Total 

Basal  Area  (mVha) 
Pine 
Hardwood 

989 

18.7 
4.0 

1,344 

18.6 
8.5 

Total 

Understory  Production 
Woody  plants 
Grasses 

Grasslike  plants 
Forbs 

22.7 

(kg/ha  below  1.52  m) 

301 

69 

2 

32 

27.1 

233 

92 

8 

21 

750 

1,308 

600 

222 

Total 

404 

354 

3,327 

2,880 

'Overstory  measurements  include  trees  >  1.37  m  in  height. 


(1979);  those  for  other  plants  follow  either  Kelsey 
and  Dayton  (1942),  Wolff  (1954),  Grelen  and  Duvall 
(1966),  Gould  (1969),  or  Scott  and  Wasser  (1980). 
A  cross-reference  of  scientific  and  common  names, 
including  synonymous  scientific  names,  appears  in 
appendix  3. 


RESULTS 

Overstory/Understory  Conditions 

Total  stocking  of  pine  and  hardwood  trees  measur- 
ing 1.37  m  or  taller  averaged  1166  stems/ha  on  Areas 
1  and  5  (table  1).  Stocking  of  pines  was  higher  on 
Area  5,  but  basal  area  was  comparable  for  both  for- 
ests. Hardwood  stocking  and  basal  area  on  Area  5 
were  more  than  twice  that  of  Area  1. 

Browse  production,  consisting  of  current-year  leaf 
and  twig  growth  from  hardwoods,  shrubs,  and  vines, 
averaged  267  kg/ha  on  forest  sites  and  813  kg/ha  on 
clearcuts  (table  1).  Total  herbage  production  aver- 
aged 112  kg/ha  on  forest  sites  and  2,290  kg/ha  on 
clearcuts. 

Diets  and  Forage  Preferences 

Diet  composition  summaries  are  based  on  total  deer 
and  cattle  bite-counts  of  123,923  and  246,270,  respec- 
tively. Deer  were  observed  for  a  total  of  344  hours. 


cattle  for  205.  Total  bite-counts  per  area  within  sea- 
sons varied  from  1,301  to  7,676  for  deer  and  from 
2,406  to  14,878  for  cattle  (table  2).  Inclusive  sampl- 
ing dates  of  feeding  trials,  the  average  number  of 
trials  per  season,  and  the  average  number  of  animals 
observed  per  trial  varied  among  seasons  and  years 
(table  2). 

Deer  diets  on  forests  were  dominated  yearlong  by 
woody  plants.  During  late  spring,  summer,  fall,  and 
early  winter,  deer  browse  consisted  primarily  of  green 
leaves  of  both  deciduous  and  evergreen  woody  plants. 
Leaves  and  some  succulent  woody  twig  ends  were 
eaten  during  early  spring,  and  a  few  hardened  twigs 
were  consumed  with  evergreen  foliage  during  winter. 
Grasses  dominated  cattle  summer  and  fall  diets  on 
forests,  whereas  woody  plants  and  grasses  contrib- 
uted nearly  equally  to  cattle  winter  and  spring  diets 
(fig.  1).  Deer  diets  on  clearcuts  were  dominated 
by  woody  plants  yearlong,  but  cattle  diets  consisted 
mainly  of  grasses  and  grasslike  plants  (fig.  2).  On 
an  annual  basis,  forbs  contributed  an  average  of  9.0 
and  2.0%  to  deer  and  cattle  diets  on  forests,  respec- 
tively (appendix  1),  compared  with  11.1  and  6.0% 
on  clearcuts  (appendix  2).  Deer  and  rabbit  (Sylvila- 
gus  spp.)  fecal  pellets  made  up  as  much  as  0.4%  of 
deer  diets  on  clearcuts  and  0.1%  on  forests.  Fungi 
were  not  eaten  by  cattle  on  clearcuts,  but  furnished 
as  much  as  0.2%  of  their  diet  on  forests.  Fungi  were 
eaten  by  deer  on  clearcuts  and  forests  and  comprised 
as  much  as  2.4%  of  their  diet  (appendices  1  and  2). 


Tabe  2. — Inclusive  sampling  dates  of  feeding  trials,  average  number  of  trials  per  season, 
average  number  of  animals  observed  per  trial,  and  number  of  bites  recorded 
for  tame  deer  (D)  and  cattle  (C).  Means  are  for  all  study  areas 


Season 

Sampling 

Animal 

Average 

number 

trials 

Average 
number 

Bite-Counts 

dates 

animals 

X 

Range 

observed 

Summer 

6/20-8/10/78 

D 

4.3 

2.1 

4,488 

3,985-  4,751 

C 

2.3 

3.0 

8,340 

5,781-11.554 

7/2-8/23/79 

D 

4.0 

4.0 

6,162 

5,293-  6,988 

C 

3.0 

4.0 

10,751 

9,009-12,806 

7/1-7/23/801 

D 

3.0 

3.0 

1,747 

1,301-  2,656 

FaU 

10/10-11/15/78 

D 

3.0 

3.9 

2,805 

2,782-  2,844 

C 

2.7 

3.8 

5.707 

4,042-  7,172 

10/10-11/28/79 

D 

4.0 

3.0 

3,533 

3.208-  3.760 

C 

3.0 

4.9 

7,687 

5.491-10,226 

Winter 

1/17-3/1/79 

D 

2.8 

4.7 

2.011 

1,509-  2,511 

C 

2.2 

3.8 

3,897 

2,406-  5,497 

1/8-2/29/80 

D 

4.0 

3.0 

2,626 

2,115-  2,903 

C 

3.2 

4.8 

5,723 

4,540-  7,150 

Spring 

4/3-5/10/79 

D 

3.0 

4.6 

6.042 

5,270-  7.676 

C 

3.0 

3.8 

9,482 

10,676-14.878 

3/31-5/14/80 

D 

4.0 

3.0 

3,388 

2.978-  3.644 

C 

3.0 

5.0 

9,316 

7.704-14.521 

•Cattle  diets  were  not  evaluated  during  the  summer  of  1980. 
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Figure  1. — Percent  contribution  of  woody  plants,  grasses, 
grasslike  plants,  forbs  (plus  ferns  and  fecal  pel- 
lets), and  fungi  to  deer  and  cattle  diets  on  for- 
ested pine-hardwood  sites  in  central  Louisiana. 
Asterisks  denote  less  than  1%. 
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Figure  2. — Percent  contribution  of  woody  plants,  grasses, 
grasslike  plants,  forbs  (plus  ferns  and  fecal  pel- 
lets), and  fungi  to  deer  and  cattle  diets  on  re- 
cently clearcut  pine-hardwood  sites  in  central 
Louisiana.  Asterisks  denote  less  than  1%. 


Data  on  mast  production  were  not  obtained,  but 
observations  indicated  that  most  of  the  available 
mast  was  produced  by  American  beautyberry  and 
several  species  of  blackberry.  Consequently,  with  the 
exception  of  these  species,  selectivity  ratings  for 
woody  plants  refer  primarily  to  browse.  Deer  fall  se- 
lectivity ratings  for  American  beautyberry  are  mainly 
for  fruit,  as  deer  seldom  consumed  leaves  or  twigs  of 
this  species.  Cattle  were  less  selective  and  typically 
consumed  the  entire  fruit  mass  together  with  adja- 
cent stem  and  leaves.  Cattle  seldom  ate  blackberry 
fruit,  but  deer  readily  ate  blackberries  from  about 
mid-May  through  late  June.  Thus,  deer  selectivity 
ratings  for  blackberries  during  spring  and  summer 
reflect  combined  use  of  browse  and  fruit. 

Seasonal  use  and  relative  selectivity  values  are 
presented  for  a  total  of  264  plant  taxa  (appendices 
1  and  2).  Of  these,  204  plants  (82  woody,  24  grasses, 
10  grasslike,  85  forbs,  and  3  ferns)  were  eaten  by 
deer  and/or  cattle  on  forests  sites  and  233  plants  (74 
woody,  35  grasses,  15  grasslike,  107  forbs,  and  2 
ferns)  were  eaten  on  clearcuts.  Of  the  264  plants 


for  which  selectivity  data  are  presented,  31  were 
eaten  only  on  forest  sites,  60  only  on  clearcuts,  and 
173  were  eaten  under  both  situations. 


DISCUSSION 

An  animal's  preference  for  a  particular  forage  com- 
ponent is  a  reflection  of  the  likelihood  of  that  compo- 
nent being  chosen  if  offered  equally  with  other  foods 
(Johnson  1980).  Preference  determinations  are  pos- 
sible in  cafeteria-type  trials,  but  not  under  field 
conditions  as  described  here.  Use  is  said  to  be  selec- 
tive if  forage  components  are  used  disproportionally 
to  their  availability  (Johnson  1980). 

The  distinction  between  preference  and  selectivity 
is  important  but  not  always  understood  or  applied. 
That  certain  presumably  unpalatable  plants  received 
high  selectivity  ratings  seasonally  was  probably  due 
to  a  scarcity  of  more  desirable  forages  rather  than 
bias  associated  with  tame  deer.  This  was  exemplified 
during  winter  when  waxmyrtle,  dwarf  palmetto,  and 
pines  received  relatively  high  forage  ratings  for  deer 


on  forests.  Palatable  green  forage  was  scarce  during 
winter  on  both  forests.  Consequently,  deer  resorted 
to  using  green  foliage  from  these  less  palatable  plants 
rather  than  dead  or  dormant  foliage  from  more  desir- 
able species. 

Frequency  of  occurrence  data  collected  during  sum- 
mer were  used  to  compute  forage  ratings  throughout 
the  year.  Forage  availability  data  for  each  season 
would  have  been  preferred,  but  summer  data  should 
be  adequate  for  most  plants  occurring  on  these  sites. 
Possible  exceptions  would  include  ephemeral  species 
such  as  violet  woodsorrel,  common  oxalis,  Nuttall 
wildindigo,  and  some  of  the  violets.  Selectivity  ratings 
for  these  species  may  be  over-rated.  Furthermore,  all 
ratings  presented  here  are  site-specific,  and  users 
should  consult  a  variety  of  sources  before  drawing 
conclusions  for  other  sites. 
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Appendix  1 


Seasonal  composition  of  cattle  and  tame  deer  diets,  percent  frequency  of  occurrence  of 
forages,  and  relative  forage  selectivity  ratings  on  two  forested  pine-hardwood  sites  in 
central  Louisiana.* 
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Appendix  2 


Seasonal  composition  of  cattle  and  tame  deer  diets,  percent  frequency  of  occurrence  of 
forages,  and  relative  forage  selectivity  ratings  on  two  recently  clearcut  pine-hardwood 
sites  in  central  Louisiana.^ 
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Appendix  3 

Alphabetic  cross-reference  of  scientific  and  common  names. 
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Acalypha  gracilens 
Acer  ruhrum 
Aesculus  parviflora 
Agalinis  purpurea 
Agave  virginica 
Ageratina  altissima 
Aletris  farinosa 
Ambrosia  artemisiifolia 
Ampelopsis  arborea 
Andropogon 

divergens 

elliottii 

gerardii 

glomeratus 

subtenuis 

virginicus 
Anisostichus 

Antennaria  plantaginifolia 
Apocynum  cannabinum 
Aralia  spinosa 
Aristida  purpurascens 
Aristolochia  serpentaria 
arrowwood 
Arundinaria  gigantea 
Asclepias  variegata 
Ascyrum 

hypericoides 

stans 
ash,  green 
Aster 

dumosus 

patens 
aster 

bushy 

skydrop 
Axonopus  affinis 
Azalea 
azalea,  wild 
Bacchoris  halimifolia 
bahiagrass 
Baptisia  nuttalliana 
bayberry,  southern 
beakrush 

cluster 

globe 

nodding 
beard-tongue 
beautyberry,  American 
bedstraw,  hairy 
beebalm,  wild-bergamot 
beech,  American 
Berchemia  scandens 
bermudagrass,  common 
Bignonia  capreolata 
blackberry 
black-eyed-susan 
blackgum 


slender  copperleaf 

red  maple 

red  buckeye 

purple  gerardia 

see  Manfreda 

white  snakeroot 

whitetube  stargrass 

common  ragweed 

peppervine 

bluestem 

see  Schizachyrium  scoparium  var.  divergens 

Elliott  bluestem 

big  bluestem 

bushy  bluestem 

fineleaf  bluestem 

broomsedge 

see  Bignonia 

plantainleaf  pussytoes 

hemp  dogbane 

devils-walkingstick 

arrowfeather  threeawn 

Virginia  dutchmanspipe 

Viburnum  dentatum 

cane 

white  milkweed 

St.  Andrewscross 

St.  Peterswort 

Fraxinus  pennsylvanica 

aster 

bushy  aster 

skydrop  aster 

Aster 

A.  dumosus 

A.  patens 

common  carpetgrass 

see  Rhododendron 

Rhododendron  nudiflorum 

eastern  baccharis 

Paspalum  notatum 

Nuttall  wildindigo 

Myrica  cerifera 

Rhynchospora 

R.  glomerata 

R.  globularis 

R.  inexpansa 

Penstemon  australis 

Callicarpa  americana 

Galium  pilosum 

Monarda  fistulosa 

Fagus  grandifolia 

Alabama  supplejack;  rattan-vine 

Cynodon  dactylon 

crossvine 

Rubus  spp. 

Rudbeckia  hirta 

Nyssa  sylvatica 
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blackhaw,  rusty 
blueberry 

Elliott 

Florida 

highbush 
blue-eyed-grass 
bluestem 

big 

broomsedge 

bushy 

Elliott 

fineleaf 

pinehill 
Boltonia  diffusa 
boneset 

bracken-fern,  southern 
breweria,  white 
bristlegrass,  yellow 
buckeye,  red 
buckthorn,  Carolina 
bulrush,  woolgrass 
butterflypea 
button-snakeroot 
buttonweed,  rough 
Callicarpa  americana 
Campsis  radicans 
cane 
Carex 

complanata 

flaccosperma 

vulpinoidea 
carpetgrass,  common 
Carpinus  caroliniana 
Carya 

cordiformis 

tomentosa 
Cassia  fasciculata 
Centrosema  virginianum 
Cercis  canadensis 
Chasmanthium 

laxum 

sessiliflorum 
cherry,  black 
Chionanthus  virginicus 
chokecherry,  flatwoods 
Chrysopsis 
cinquefoil,  spreading 
coneflower,  rough 
Conoclinium  coelestinum 
Conyza  canadensis 
copperleaf,  slender 
Coreopsis  lanceolata 
coreopsis,  thickleaf 
Cornus  florida 
crabgrass 

shaggy 

violet 


Viburnum  rufidulum 

Vaccinium 

V.  elliottii 

V.  caesium 

V.  corymhosum 

Sisyrinchium  spp. 

Andropogon 

A.  gerardii 

A.  virginicus 

A.  glomeratus 

A.  elliottii ' 

A.  subtenuis 

Schizachyrium  scoparium  var.  diver  gens 

smallhead  boltonia 

Eupatorium  perfoliatum 

Pteridium  aquilinum  var.  pseudocaudatum 

Stylisma  humistrata 

Setaria  glauca 

Aesculus  parviflora 

Rhamnus  caroliniana 

Scirpus  cyperinus 

Centrosema  virginianum 

Eryngium  yuccifolium 

Diodia  teres 

American  beauty  berry;  French-mulberry 

trumpetcreeper 

Arundinaria  gigantea 

sedge 

blue  sedge 

thinfruit  sedge 

fox  sedge 

Axonopus  affinis 

American  hornbeam 

hickory 

bitternut  hickory 

mockernut  hickory 

showy  partridgepea 

butterflypea 

eastern  redbud 

uniola 

spike  uniola 

longleaf  uniola 

Prunus  serotina 

fringetree 

Prunus  umbellata 

see  Heterotheca 

Potentilla  simplex 

Rudbeckia  grandiflora 

mistflower  eupatorium 

Canada  horseweed 

Acalypha  gracilens 

thickleaf  coreopsis 

Coreopsis  lanceolata 

flowering  dogwood 

Digitaria 

D.  villosa 

D.  ischaemum  var.  violascens 
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Crataegus 

crus-galli 

marshallii 

pyracanthoides 

spathulata 
creeper,  Virginia 
crossvine 

Crotalaria  sagit talis 
Croton  capitatus 
croton,  woolly 
cudweed,  purple 
Cynoctonum  mitreola 
Cynodon  dactylon 
Cyperus 

esculentus 

ovular  is 

virens 
dallisgrass 
deerberry,  common 
Desmodium 

ciliare 

dillenii 

paniculatum 

rigidum 

rotundifolium 
devils-walkingstick 
dewberry 

Dichanthelium  spp. 
scoparium 

Dichondra  carolinensis 
Digit  aria 

ischaemum  var.  violascens 

villosa 

violascens 
Diodia  teres 
Diospyros  virginiana 
dogbane,  hemp 
dogwood,  flowering 
dwarf-dandelion,  tuber 
Duchesnea  indica 
dutchmanspipe,  Virginia 
elder,  American 
Eleocharis  obtusa 
elephantfoot,  hairy 
Elephantopus  tomentosus 
elm,  winged 
Eragrostis  spectabilis 
Erianthus  contortus 
Erigeron 

canadensis 

philadelphicus 

strigosus 
Eryngium 

prostratum 

yuccifolium 
eryngo,  creeping 


hawthorn 

cockspur  hawthorn 

parsley  hawthorn 

see  C.  crus-galli 

littlehip  hawthorn 

Parthenocissus  quinquefolia 

Bignonia  capreolata 

arrow  crotalaria 

woolly  croton 

Croton  capitatus 

Gamochaeta  purpurea 

lax  hornpod 

common  bermudagrass 

flatsedge 

chufa  flatsedge 

globe  flatsedge 

green  flatsedge 

Paspalum  dilatatum 

Vaccinium  stamineum 

tickclover 

littleleaf  tickclover 

Dillen  tickclover 

panicled  tickclover 

rigid  tickcover 

roundleaf  tickclover 

Aralia  spinosa 

Rubus  spp. 

"low"  panicums 

velvet  panicum 

ponyfoot 

crabgrass 

violet  crabgrass 

shaggy  crabgrass 

see  D.  ischaemum  var.  violascens 

rough  buttonweed;  poor- joe 

common  persimmon 

Apocynum  cannabinum 

Cornus  florida 

Krigia  dandelion 

India  mockstrawberry 

Aristolochia  serpentaria 

Sambucus  canadensis 

blunt  spikerush 

Elephantopus  tomentosus 

hairy  elephantfoot 

Ulmus  alata 

purple  lovegrass 

bent-awn  plumegrass 

fleabane 

see  Conyza  canadensis 

Philadelphia  fleabane 

daisy  fleabane 

eryngo 

creeping  eryngo 

button-snakeroot 

Eryngium  prostratum 
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Eupatorium 

album 

capillifolium 

coelestinum 

compositifolium 

perfoliatum 

pubescens 

rotundifolium 

rugosum 

semiserratum 
eupatorium 

boneset 

dogfennel 

mistflower 

roundleaf 

smallflower 

yankeeweed 

white 
Euphorbia 

corollata 

maculata 
Euthamia  leptocephala 
Fcgus  grandifolia 
false-aloe 

false-dandelion,  Carolina 
farkleberry 
fern 

flatsedge 

chufa 

globe 

green 
fleabane 

daisy 

Philadelphia 
flax,  woodland 
Fraxinus  pennsylvanica 
French-mulberry 
fringetree 
Galactia  volubilis 
Galium  pilosum 
Gamochaeta 

falcata 

purpurea 
gayfeather 

Kansas 

Ontario 
Gelsemium  sempervirens 
Geranium  dissectum 
geranium,  cutleaf 
Gerardia 
gerardia,  purple 
Gleditsia  triacanthos 
Gnaphalium 

falcatum 

purpureum 


eupatorium 

white  eupatorium 

dogfennel 

see  Conoclinium  coelestinum 

yankeeweed 

boneset 

see  E.  rotundifolium  var.  ouatum 

roundleaf  eupatorium 

see  Ageratina  altissima 

smallflower  eupatorium 

Eupatorium 

E.  perfoliatum 

E.  capillifolium 

Conoclinium  coelestinum 

Eupatorium  rotundifolium 

E.  semiserratum 

E.  compositifolium 

E.  album 

spurge 

flowering  spurge 

spotted  spurge 

slimhead  goldenrod 

American  beech 

Manfreda  virginica 

Pyrrhopappus  carolinianus 

Vaccinium  arboreum 

see  Pteridium  aquilinum  var.  pseudocaudatum 

or  Poly  podium  polypodioides 
Cyperus 
C.  esculentus 
C.  ouularis 
C.  uirens 
Erigeron 
E.  strigosus 
E.  philadelphicus 
Linum  virginianum 
green  ash 

Callicarpa  americana 
Chionanthus  virginicus 
downy  milkpea 
hairy  bedstraw 
cudweed 
cudweed 
purple  cudweed 
Liatris 

L.  pycnostachya 
L.  cylindracea 

Carolina  jessamine;  yellow  jessamine 
cutleaf  geranium 
Geranium  dissectum 
see  Agalinis 
Agalinis  purpurea 
honeylocust 
cudweed 

see  Gamochaeta  falcata 
see  Gamochaeta  purpurea 
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goldaster 

Heterotheca 

grassleaf 

H.  graminifolia 

soft 

H.  pilosa 

goldenrod 

Solidago 

fragrant 

S.  odora 

Louisiana 

S.  ludoviciana 

shiny 

S.  nitida 

slimhead 

Euthamia  leptocephala 

tall 

Solidago  altissima 

wrinkled 

S.  rugosa 

grape 

Vitis 

muscadine 

V.  rotundifolia 

summer 

V.  aestivalis 

greenbrier 

Smilax 

bristly- 

S.  hispida 

cat 

S.  glauca 

common 

S.  rotundifolia 

saw 

S.  bona-nox 

Small 

S.  smallii 

Gymnopogon 

skeletongrass 

amhiguus 

bearded  skeletongrass 

breuifolius 

slim  skeletongrass 

Halesia  diptera 

two-wing  silverbell 

Hamamelis  virginiana 

witch-hazel 

hawkweed 

Hieracium  gronovii 

hawthorn 

Crataegus 

cockspur 

C.  crus-galli 

littlehip 

C.  spathulata 

parsley 

C.  marshallii 

Helenium 

sneezeweed 

flexuosum 

purplehead  sneezeweed 

nudiflorum 

see  H.  flexuosum 

Helianthus 

sunflower 

angustifolius 

swamp  sunflower 

hirsutus 

hairy  sunflower 

Heterotheca 

goldaster 

graminifolia 

grassleaf  goldaster 

pilosa 

soft  goldaster 

hickory 

Carya 

bitternut 

C.  cordiformis 

mockernut 

C.  tomentosa 

Hieracium  gronovii 

hawkweed 

holly,  American 

Ilex  opaca 

honeylocust 

Gleditsia  triacanthos 

honeysuckle 

Lonicera 

Japanese 

L.  japonica 

trumpet 

L.  sempervirens 

hophornbeam,  eastern 

Ostrya  virginiana 

hornbeam,  American 

Carpinus  caroliniana 

hornpod,  lax 

Cynoctonum  mitreola 

horseweed,  Canada 

Conyza  canadensis 

hurrahgrass 

Paspalum  setaceum  var.  muhlenbergii 

Hypericum 

St.  Johnswort 

drummondii 

Drummond  St.  Johnswort 

hypericoides 

see  Ascyrum  hypericoides 

starts 

see  Ascyrum  stans 
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Ilex 

holly 

decidua 

possumhaw 

opaca 

American  holly 

vomitoria 

yaupon 

indiangrass,  yellow 

Sorghastrum  nutans 

Ipomoea  spp. 

morningglory 

ironweed,  Texas 

Vernonia  texana 

jessamine,  Carolina 

Gelsemium  sempervirens 

Juncus 

rush 

effusus 

common  rush 

scirpoides 

needlepod  rush 

tenuis 

poverty  rush 

validus 

roundhead  rush 

juniperleaf 

Polypremum  procumbens 

Jussiaea  decurrens 

see  Ludwigia  decurrens 

Krigia  dandelion 

tuber  dwarf-dandelion 

Lactuca  spp. 

lettuce 

Lechea  villosa 

hairy  pinweed 

Lespedeza 

lespedeza 

hirta 

hairy  lespedeza 

procumbens 

trailing  lespedeza 

repens 

creeping  lespedeza 

striata 

common  lespedeza 

violacea 

violet  lespedeza 

virginica 

slender  lespedeza 

lespedeza 

Lespedeza 

common 

L.  striata 

creeping 

L.  repens 

hairy 

L.  hirta 

slender 

L.  virginica 

trailing 

L.  procumbens 

violet 

L.  violacea 

lettuce 

Lactuca  spp. 

Liatris 

gayfeather 

cylindracea 

Ontario  gayfeather 

pycnostachya 

Kansas  gayfeather 

Linum  virgimanum 

woodland  flax 

Liquidambar  styracijlua 

sweetgum 

Lobelia 

lobelia 

appendiculata 

earflower  lobelia 

puberula 

downy  lobelia 

lobelia 

Lobelia 

downy 

L.  puberula 

earflower 

L.  appendiculata 

Lonicera 

honeysuckle 

japonica 

Japanese  honeysuckle 

sempervirens 

trumpet  honeysuckle 

lovegrass,  purple 

Eragrostis  spectabilis 

Ludwigia 

seedbox;  false  loosestrife 

alternifolia 

bushy  seedbox 

decurrens 

winged  waterprimrose 

glandulosa 

creeping  seedbox 

Magnolia 

magnolia 

grandiflora 

southern  magnolia 

uirginiana 

sweetbay 

magnolia,  southern 

Magnolia  grandiflora 

Manfreda  virginica 

false-aloe 
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maple,  red 

meadowbeauty,  Maryland 
Mecardonia  acuminata 
mecardonia,  purple 
melic,  twoflower 
Melica  mutica 
milkpea,  downy 
milkweed,  white 
milkwort 
Mitchella  repens 
mockstrawberry,  India 
Monarda  fistulosa 
morningglory 
Morus  rubra 
mountainmint 

slender 

whiteleaf 
Muhlenbergia  expansa 
muhly,  cutover 
mulberry,  red 
Myrica  cerifera 
needlegrass,  blackseed 
nightshade,  Carolina 
nutrush,  littlehead 
Nyssa  sylvatica 
oak 

black 

blackjack 

cherrybark 

laurel 

post 

southern  red 

water 

white 

willow 
Ostrya  virginiana 
Oxalis 

striata 

violacea 
oxalis,  common 
palmetto,  dwarf 
Panicum 

anceps  var.  rhizomatum 

hians 

rhizomatum 

scoparium 

virgatum 
Panicum 

"low" 

spreading 

velvet 
Parthenocissus  quinquefolia 
partridgeberry 
partridgepea,  showy 
Paspalum 

ciliatifolium 

circulare 


Acer  rubrum 

Rhexia  mariana 

purple  mecardonia 

Mecardonia  acuminata 

Melica  mutica 

twoflower  melic 

Galactia  volubilis 

Asclepias  variegata 

Poly  gala 

partridgeberry 

Duchesnea  indica 

wild-bergamot  beebalm 

Ipomoea  spp. 

red  mulberry 

Pycnanthemum 

P.  tenuifolium 

P.  albescens 

cutover  muhly 

Muhlenbergia  expansa 

Morus  rubra 

southern  bayberry;  southern  waxmyrtle 

Stipa  auenacea 

Solanum  carolinense 

Scleria  oligantha 

black  tupelo;  blackgum 

Quercus 

Q.  velutina 

Q.  marilandica 

Q.  falcata  var.  pagodifolia 

Q.  laurifolia 

Q.  stellata 

Q.  falcata 

Q.  nigra 

Q.  alba 

Q.  phellos 

eastern  hophornbeam 

oxalis;  woodsorrel 

common  oxalis 

violet  woodsorrel 

Oxalis  stricta 

Sabal  minor 

panicum 

spreading  panicum 

see  Steinchisma  hians 

see  P.  anceps  var.  rhizomatum 

see  Dicanthelium  scoparium 

switchgrass 

Dichanthelium  spp. 

Panicum  anceps  var.  rhizomatum 

Dichanthelium  scoparium 

Virginia  creeper 

Mitchella  repens 

Cassia  fasciculata 

paspalum 

see  P.  setaceum  var.  ciliatifolium 

see  P.  laeve  var.  circulare 
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dilatatum 

floridanum 

laeve  var.  circulare 

minus 

notatum 

plicatulum 

pubescens 

setaceum  var.  ciliatifolium 

setaceurnvSiX.  muhlenhergii 

urvillei 
paspalum 

brownseed 

Florida 

fringeleaf 

mat 

roundseed 
Pass  if  lor  a 

incarnata 

lutea 
passionflower 

maypop 

yellow 
pencilflower 
Penstemon  australis 
Penthorum  sedoides 
penthorum,  Virginia 
peppervine 
persimmon,  common 
Phlox  pilosa 
phlox,  downy 
Phytolacca  americana 
pine 

loblolly 

longleaf 

shortleaf 
pinkroot,  woodland 
Pinus 

echinata 

palustris 

taeda 
pinweed,  hairy 
Plantago 

aristata 

virginica 
plantain 

bottlebrush 

paleseed 
plum,  Mexican 
plumegrass,  bent-awn 
poison-ivy 
poison-oak,  eastern 
pokeberry,  common 
Polygala 

chapmanii 

polygama 
polygala 

bitter 

Chapman 
Poly  podium  polypodioides 


dallisgrass 

Florida  paspalum 

roundseed  paspalum 

mat  paspalum 

bahiagrass 

brownseed  paspalum 

see  P.  setaceum  var.  muhlenhergii 

fringeleaf  paspalum 

hurrahgrass 

vaseygrass 

Paspalum 

P.  plicatulum 

P.  floridanum 

P.  setaceum  var.  ciliatifolium 

P.  minus 

P.  laeve  var.  circulare 

passionflower 

maypop  passionflower 

yellow  passionflower 

Passiflora 

P.  incarnata 

P.  lutea 

Stylosanthes  biflora 

beard-tongue 

Virginia  penthorum 

Penthorum  sedoides 

Ampelopsis  arborea 

Diospyros  virginiana 

downy  phlox 

Phlox  pilosa 

common  pokeberry 

Pinus 

P.  taeda 

P.  palustris 

P.  echinata 

Spigelia  marilandica 

pine 

shortleaf  pine 

longleaf  pine 

loblolly  pine 

Lechea  villosa 

plaintain 

bottlebrush  plantain 

paleseed  plantain 

Plantago 

P.  aristata 

P.  virginica 

Prunus  mexicana 

Erianthus  contortus 

Toxicodendron  radicans 

T.  toxicarium 

Phytolacca  americana 

polygala;  milkwort 

Chapman  polygala 

bitter  polygala 

polygala 

P.  polygama 

P.  Chapmanii 
resurrection-fern 
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Polypremum  procumbens 

ponyfoot 

poor-joe 

possumhaw 

Potent  ilia  simplex 

Prunella  vulgaris 

Prunus 

mexicana 

serotina 

umbellata 
Pteridium  aquilinum  var. 

pseudocaudatum 
pussytoes,  plantainleaf 
Pycnanthemum 

albescens 

tenuifolium 
Pyrrhopappus  carolinianus 
Quercus 

alba 

falcata 

falcata  var.  pagodifolia 

laurifolia 

marilandica 

nigra 

phellos 

stellata 

velutina 
ragweed,  common 
rattan-vine 
redbud,  eastern 
resurrection-fern 
Rhamnus  caroliniana 
Rhexia  mariana 
Rhododendron  nudiflorum 
Rhus 

copallina 

radicans 

toxicodendron 
Rhynchospora 

globularis 

glomerata 

inexpansa 
rosegentian 

narrowleaf 

squarestem 
Rubus  spp. 
Rudbeckia 

grandiflora 

hirta 
Ruellia  pedunculata 
ruellia,  stalked 
rush 

common 

needlepod 

poverty 

roundhead 


juniperleaf 

Dichondra  carolinensis 
Diodia  teres 
Ilex  decidua 
spreading  cinquefoil 
common  selfheal 
plum 

Mexican  plum 
black  cherry 
flatwoods  chokecherry 

southern  bracken-fern 

Antennaria  plantaginifolia 

mountainmint 

whiteleaf  mountainmint 

slender  mountainmint 

Carolina  false-dandelion 

oak 

white  oak 

southern  red  oak 

cherrybark  oak 

laurel  oak 

blackjack  oak 

water  oak 

willow  oak 

post  oak 

black  oak 

Ambrosia  artemisiifolia 

Berchemia  scandens 

Cercis  canadensis 

Poly  podium  polypodiodes 

Carolina  buckthorn 

Maryland  meadowbeauty 

wild  azalea 

sumac 

shining  sumac 

see  Toxicodendron  radicans 

see  Toxicodendron  toxicarium 

beakrush 

globe  beakrush 

cluster  beakrush 

nodding  beakrush 

Sabatia 

S.  brachiata 

S.  angularis 

blackberry;  dewberry 

coneflower 

rough  conflower 

black-eyed-susan 

stalked  ruellia 

Ruellia  pedunculata 

Juncus 

J.  effusus 

J.  scirpoides 

J.  tenuis 

J.  validus 
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Sabal  minor 

dwarf  palmetto 

Sabatia 

rosegentian 

anguloris 

squarestem  rosegentian 

brachiata 

narrowleaf  rosegentian 

sage 

Salvia 

lyreleaf 

S.  lyrata 

azure 

S.  azurea  var.  grandiflor 

St.  Andrewscross 

Ascyrum  hypericoides 

St.  Johnswort,  Drummond 

Hypericum  drummondii 

St.  Peterswort 

Ascyrum  stans 

Salix  nigra 

black  willow 

Salvia 

sage 

azurea  var.  grandiflora 

azure  sage 

lyrata 

lyreleaf  sage 

Sambucus  canadensis 

American  elder 

sanicle,  Canada 

Sanicula  canadensis 

Sanicula  canadensis 

Canada  sanicle 

sarsaparilla-vine 

Smilax  pumila 

Sassafras  albidum 

sassafras 

sassafras 

Sassafras  albidum 

Schizachyrium  scoparium 

var.  divergens 

pinehill  bluestem 

Schrankia  uncinata 

catclaw  sensitivebrier 

Scirpus  cyperinus 

woolgrass  bulrush 

Scleria  oligantha 

httlehead  nutrush 

Scutellaria 

skullcap 

elliptica 

hairy  skullcap 

integrifolia 

hyssop  skullcap 

sedge 

Carex 

blue 

C.  complanata 

fox 

C.  vulpinoidea 

thinfruit 

C.  flaccosperma 

seedbox 

Ludivigia 

bushy- 

L.  alternifolia 

creeping 

L.  glandulosa 

Selaginella  spp. 

selaginella 

selfheal,  common 

Prunella  vulgaris 

sensitivebrier,  catclaw 

Schrankia  uncinata 

Setaria 

bristlegrass 

glauca 

yellow  bristlegrass 

lutescens 

see  Setaria  glauca 

Seymeria  cassioides 

senna  seymeria 

seymeria,  senna 

Seymeria  cassioides 

silverbell,  two-wing 

Halesia  diptera 

Sisyrinchium  spp. 

blue-eyed-grass 

skeltongrass 

Gymnopogon 

bearded 

G.  ambiguus 

slim 

G.  brevifolius 

skullcap 

Scutellaria 

hairy 

S.  elliptica 

hyssop 

S.  integrifolia 

Smilax 

greenbrier 

bona-nox 

saw  greenbrier 

glauca 

cat  greenbrier 

hispida 

bristly  greenbrier 

pumila 

sarsaparilla-vine 

rotundifolia 

common  greenbrier 

smallii 

Small  greenbrier 
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snakeroot,  white 
sneezewood,  purplehead 
snowbell,  bigleaf 
Solarium  carolinense 
Solidago 

altissima 

leptocephala 

ludoviciana 

nitida 

odora 

rugosa 
Sorghastrum  nutans 
spiderwort,  hairyflower 
Spigelia  marilandica 
spikerush,  blunt 
spurge 

flowering 

spotted 
stargrass,  whitetube 
star-jasmine,  climbing 
Steinchisma  hians 
Stipa  avenacea 
Stylisma  humistrata 
Stylosanthes  biflora 
Sty  rax  grandifoUa 
sumac,  shining 
sunflower 

hairy 

swamp 
supplejack,  Alabama 
sweetbay 
sweetgum 
sweetleaf 
switchgrass 
Symplocos  tinctoria 
Tephrosia 

onobrychoides 

virginiana 
tephrosia 

Virginia 

weak 
threeawn,  arrowfeather 
tickclover 

Dillen 

littleaf 

panicled 

rigid 

roundleaf 
Toxicodendron 

radicans 

toxicarium 
Trachelosperum  difforme 
Tradescantia  hirsuticaulis 
Tridens  flavus 
tridens,  purpletop 
trumpetcreeper 


Ageratino  altissima 

Helenium  flexuosum 

Styrax  grandifoUa 

Carolina  nightshade 

goldenrod 

tall  goldenrod 

see  Euthamia  leptocephala 

Louisiana  goldenrod 

shiny  goldenrod 

fragrant  goldenrod 

wrinkled  goldenrod 

yellow  indiangrass 

Tradescantia  hirsuticaulis 

woodland  pinkroot 

Eleocharis  obtusa 

Euphorbia 

E.  corollata 

E.  maculata 

Aletris  farinosa 

Trachelosperum  difforme 

gaping  panicum 

blackseed  needlegrass 

white  breweria 

pencilflower 

bigleaf  snowbell 

Rhus  copallina 

Helianthus 

H.  hirsutus 

H.  angustifolius 

Berchemia  scandens 

Magnolia  virginiana 

Liquidambar  styraciflua 

Symplocos  tinctoria 

Panicum  virgatum 

sweetleaf 

tephrosia 

weak  tephrosia 

Virginia  tephrosia 

Tephrosia 

T.  virginiana 

T.  onobrychoides 

Aristida  purpurascens 

Desmodium 

D.  dillenii 

D.  ciliare 

D.  paniculatum 

D.  rigidum 

D.  rotundifolium 

poison-ivy 
eastern  poison-oak 
climbing  star-jasmine 
hairyflower  spiderwort 
purpletop  tridens 
Tridens  flavus 
Campsis  radicans 
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tupelo,  black 
Ulmus  alata 
Uniola 
uniola 

longleaf 

spike 
Vaccinium 

arboreum 

caesium 

corymbosum 

elliottii 

stamineum 

uirgatum 
vaseygrass 
Verbena  brasiliensis 
verbena,  bigbract 
Vernonia  texana 
Viburnum 

dentatum 

rufidulum 
Viola  spp. 
violet 
Vitis 

aestivalis 

rotundifolia 
waterprimrose,  winged 
waxmyrtle,  southern 
wildindigo,  Nuttall 
willow,  black 
woodsorrel,  violet 
yaupon 
Yucca  spp. 


Nyssa  sylvatica 

winged  elm 

see  Chasmanthium 

Chasmanthium 

C.  sessiliflorum 

C.  laxum 

blueberry 

farkleberry 

Florida  blueberry 

highbush  blueberry 

Elliott  blueberry 

common  deerberry 

see  Vaccinium  corymbosum 

Paspalum  urvillei 

bigbract  verbena 

Verbena  brasiliensis 

Texas  ironweed 

viburnum 

arrowwood 

rusty  blackhaw 

violet 

Viola  spp. 

grape 

summer  grape 

muscadine  grape 

Ludwigia  decurrens 

Myrica  cerifera 

Baptisia  nuttalliana 

Salix  nigra 

Oxalis  violacea 

Ilex  uomitoria 

yucca 
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Seasonal  diet  composition  data  and  relative  selectivity  rat- 
ings are  presented  for  264  plant  taxa. 
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$0.12,  or  25  percent,  for  forest  land;   $0.21, 
horticultural)  land;  and  $0.25, 
increased,  local  units  of  go- 
use  than  under  market  val 
a  smaller  proportion  of  the  total  tax  burden.  .*- 
tax  receipts  from  throughout  the  state  were 
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it  $3.9  million.  If  expressed  in  relative  terms,  these  s' 
percent,  respectively,  of  all  property  tax  colled '         "^^ 
attributable  to  rural  land  assessments  that  cc; 
under   the  old  market  based   valuation  system. 


Use  Valuation  of  Louisiana's  Rural  Lands: 
Short-Run  Fiscal  Impacts 

Clifford  A.  Hickman  and  Peter  D.  Gayer 


INTRODUCTION 

In  1974,  the  voters  of  Louisiana  approved  a  new 
state  constitution  substituting  use  value  for  market 
value  as  the  legal  basis  for  the  assessment  and  tax- 
ation of  certain  classes  of  rural  land.  Legislation 
establishing  procedures  for  the  implementation  of 
this  new  policy  was  passed  in  1976  and  became  effec- 
tive in  1978.  In  this  paper,  some  of  the  short-run 
fiscal  impacts  precipitated  by  this  change  in  the 
valuation  basis  are  explored.  In  addition  to  examining 
effects  on  the  assessments  and  taxes  of  eligible  prop- 
erty owners,  the  paper  also  considers  impacts  on 
ineligible  taxpayers  and  on  local  units  of  government 
dependent  upon  the  property  tax  as  a  primary  source 
of  revenue. 

Origins  of  Use  Valuation  in  Louisiana 

Historically,  rural  lands  in  Louisiana  have  been 
largely  assessed  and  taxed  on  the  basis  of  their 
"actual  cash  value",  or  "the  valuation  at  which  any 
real  or  personal  property  is  assessed  for  the  purpose 
of  taxation,  after  the  assessing  authorities  have  con- 
sidered every  element  of  value  in  arriving  at  such 
valuation"  (Louisiana  Tax  Commission  1942).  To 
clarify,  administrative  directives  stated  that  the  cash 
price  received  for  a  piece  of  real  estate  or  other 
property  freely  sold  in  the  ordinary  course  of  business 
was  to  be  considered  "evidentiary  only",  and  weighed 
along  with  other  factors  during  the  property  valu- 
ation process  (Louisiana  Tax  Commission  1942). 

Despite  this  seemingly  straight-forward  legislative 
mandate,  assessment  practice  in  Louisiana  typically 
left  much  to  be  desired.  There  were  two  main  reasons. 
First,  parish  assessors  received  little  guidance,  other 


than  the  definition  and  clarifying  statement  already 
mentioned,  on  how  to  estimate  actual  cash  values. 
Individual  discretion  governed  the  selection  and 
weighting  of  value  determinants  beyond  sales  price. 
Secondly,  there  was  no  specified  assessment  ratio. 
Local  assessors  based  their  assessments  on  what- 
ever percentage  of  actual  cash  value  they  chose. 
Under  these  circumstances,  there  was  no  guarantee 
that  similar  properties,  whether  in  the  same  or  dif- 
ferent taxing  jurisdictions,  would  be  assigned  similar 
values. 

A  step  towards  greater  assessment  uniformity  was 
taken  when  a  system  of  land  use  classification  was 
introduced.  Regarding  rural  lands,  key  features  of 
this  system  were  as  follows  (Louisiana  Tax  Com- 
mission 1956) : 

•  Forest  lands  were  classified  into  four  categories 
based  primarily  on  the  type  of  timber  which  they 
supported.  These  categories  were  Tidewater 
Cypress  Land,  Hardwood  Land,  Longleaf  Pine 
Land  and  Other  Pine  Land. 

•  Agricultural  lands  were  classified  into  three 
categories  based  primarily  on  their  productivity. 
These  categories  were  Class  A,  Class  B  and 
Class  C. 

•  Marsh  lands  were  classified  into  two  categories 
on  the  basis  of  whether  they  were  subject  to 
inundation  by  salt  water  at  high  tide.  These 
categories  were  Sea  Marsh  and  Fresh  Water 
Marsh.  Each  category  was  further  subdivided 
into  Classes  A  and  B  on  the  basis  of  whethei 
the  area  in  question  was  suitable  for  either 
reclamation  or  grazing. 

Any  rural  acreage  not  falling  into  one  of  the  pre- 
ceding categories  was  classified  either  as  Pasture 
Land — i.e.  areas,  other  than  woodland  or  marsh,  used 
for  grazing  livestock  or  suitable  for  such  use;  Trap- 
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ping  Land — i.e.  areas  supporting  wild  fur  bearing 
animals  and  used  primarily  for  trapping  purposes; 
and  Miscellaneous  Land— i.e.  undeveloped  areas  not 
permitting  more  specific  categorization. 

While  classification  encouraged  greater  assessment 
uniformity  within  given  land  use  classes  and  taxing 
jurisdictions,  it  did  little  to  promote  such  unifoiTnity 
across  different  jurisdictions.  This  situation  prompted 
initiation  of  a  legal  action  against  the  State  of 
Louisiana  in  1969.  During  the  litigation,  evidence 
showed  that  average  assessments  ranged  from  a  low 
of  7  percent  of  market  value  in  Lafayette  Parish  to 
a  high  of  35  percent  in  Caddo  Parish  (St.  Clergy 
1976).  The  plaintiff  argued  that  such  variability  in 
average  assessment  ratios  was  discriminatory  in  at 
least  three  respects  (St.  Clergy  1976).  First,  it  meant 
that  property  owners  in  parishes  with  high  ratios 
were  paying  more  property  taxes  to  the  state  than 
they  should,  while  property  owners  in  parishes  with 
low  ratios  were  paying  less.^  Secondly,  it  meant  that 
parishes  with  high  ratios  were  receiving  fewer  state 
funds  for  the  support  of  education  than  they  should, 
while  parishes  with  low  ratios  were  receiving  more. 
Finally,  it  meant  that  state  reimbursements  for 
revenue  losses  attributable  to  the  homestead  exemp- 
tion were  smaller  than  they  should  be  for  parishes 
with  high  ratios,  and  larger  than  warranted  for  par- 
ishes with  low  ratios.  The  Court  found  each  of  these 
arguments  convincing  and  ruled  that  henceforth  all 
property  in  the  state  was  to  be  placed  on  the  tax  rolls 
at  100  percent  of  fair  market  value  (St.  Clergy  1976). 
At  the  request  of  the  Governor,  however,  the  dead- 
line for  compliance  with  this  decision  was  delayed 
long  enough  to  allow  the  Legislature  to  complete 
deliberations,  already  in  progress,  aimed  at  develop- 
ing a  proposed  new  state  constitution.  The  Court 
was  assured  that  an  equitable  system  of  assessment 
would  be  included  in  this  document. 

The  new  constitution  was  finally  approved  by  the 
voters  in  1974.  Key  provisions  pertaining  to  the 
property  tax  are  contained  in  Sections  18(A),  18(B) 
and  18(C)  of  Article  VIL  As  amended,  these  sections 
provide  as  follows: 

•  That  all  property  subject  to  ad  valorem  tax- 
ation— except  for  bona  fide  agricultural,  horti- 
cultural, marsh  and  timber  lands — is  to  be 
placed  into  one  of  five  classes  and  assessed  at 
a  uniform  percentage  of  fair  market  value.- 


•   That  bona  fide  agricultural,  horticultural,  marsh 
and  timber  lands  are  to  be  assessed  at  10  per- 
cent of  their  use  value  as  opposed  to  their  fair 
market  value.^ 
Legislation  establishing  specific  procedures  for  the 
implementation  of  these  provisions  was  not  passed 
until  1976  and  did  not  become  effective  until  1978. 

Provisions  of  Louisiana's  Use  Value  Law 

In  reviewing  the  provisions  of  Louisiana's  use 
value  law,  the  following  points  will  be  considered: 
(1)  conditions  of  eligibility,  (2)  application  require- 
ments, and  (3)  prescribed  procedures  for  determin- 
ing use  values. 

Conditions  of  Eligibility — As  already  noted,  use 
valuation  is  only  applicable  to  "bona  fide"  agricul- 
tural, horticultural,  marsh  and  timber  lands.  In  this 
regard,  bona  fide  agricultural  land  consists  of  areas 
devoted  to  the  commercial  production  of  plants,  ani- 
mals, or  their  products.  Tracts  owned  by  individuals 
who  have  contracted  with  a  federal  or  state  agency 
to  limit  their  use  for  agricultural  production  are  also 
eligible.  Bona  fide  horticultural  land  consists  of 
areas  devoted  to  the  commercial  production  of  fruits, 
vegetables,  flowers  or  ornamental  plants.  Again, 
tracts  owned  by  individuals  who  have  contracted 
with  a  federal  or  state  agency,  in  this  case  to  limit 
their  output  of  horticultural  products,  are  eligible. 
Bona  fide  timber  land  consists  of  areas  devoted  to 
the  commercial  production  of  sawlogs,  pulpwood  or 
other  timber  products.^  As  in  the  previous  two  cases, 
tracts  on  which  production  has  been  curtailed  be- 
cause of  a  contract  with  a  federal  or  state  agency 
are  eligible.  Finally,  bona  fide  marsh  land  consists 
of  wetland  areas  other  than  those  used  for  the  com- 
mercial production  of  agricultural,  horticultural  or 
timber  products  (Title  47,  Section  2302,  Louisiana 
Revised  Statutes). 


'At  the  time  of  the  lawsuit,  the  state  levied  and  ad  valorem 
tax  of  5.75  mills  on  property.  This  tax  was  dropped  in  1973. 


3Fair  market  value  is  defined  to  mean  .  .  .  "the  price  for 
property  which  would  be  agreed  upon  between  a  willing  and 
informed  buyer  and  a  willing  and  informed  seller  under  usual 
and  ordinary  circumstances;  the  highest  price  estimated  in 
terms  of  money  which  property  will  bring  if  exposed  for  sale 
on  the  open  market  with  reasonable  time  allowed  to  find  a 
purchaser  who  is  buying  with  knowledge  of  all  the  uses  and 
purposes  to  which  the  property  is  best  adapted  and  for  which 
it  can  be  legally  used."  (Title  47,  Section  2321,  Louisiana 
Revised  Statutes). 


2The  five  classes  of  property  and  the  assessment  ratios 
applicable  to  each  are  as  follows:  (1)  land — 10  percent; 
(2)  improvements  for  residential  use — 10  percent;  (3)  elec- 
tric cooperative  properties,  excluding  land — 15  percent; 
(4)  public  service  properties,  excluding  land — 25  percent; 
and   (5)   other  property — 15  percent. 


^Land  does  not  actually  have  to  be  stocked  with  trees  in 
order  to  qualify  as  a  bona  fide  timber  property.  Bare  land 
will  qualify  if  it  supported  tree  growth  within  the  last  3 
years  and  is  not  currently  being  used  for  nonforest  purposes. 


Besides  the  foregoing  use  restrictions,  agricultural, 
horticultural  and  timber  lands  must  satisfy  at  least 
one  of  two  additional  conditions  in  order  to  qualify 
for  use  assessment.  They  must  be  3  or  more  acres 
or,  alternatively,  they  must  have  produced  an  aver- 
age annual  gross  income  of  $2,000  or  more  during 
the  last  4  years  (Title  47,  Section  2303,  Louisiana 
Revised  Statutes). 

Once  established,  eligibility  can  be  lost  in  either 
of  two  ways.  First,  the  character  of  the  property 
itself  may  be  changed  so  that  the  legislative  require- 
ments for  continued  participation  are  no  longer  met. 
In  this  instance,  landowners  must  notify  the  parish 
assessor  within  60  days  of  the  date  when  eligibility 
is  lost.  Thereafter  their  properties  are  assessed  and 
taxed  on  the  basis  of  fair  market  value.  Secondly, 
the  property  may  be  sold  for  a  price  four  or  more 
times  greater  than  its  estimated  use  value.  In  this 
instance,  the  purchaser  is  given  60  days  to  demon- 
strate either  that  the  sales  price  included  something 
of  value  aside  from  the  land  itself  (e.g.  standing 
crops,  timber,  improvements)  or  that  the  property 
remains  eligible  on  the  basis  of  use  and  all  other  con- 
ditions. Upon  such  demonstration,  use  valuation  is 
continued  (Title  47,  Section  2305,  Louisiana  Re- 
vised Statutes). 

Application  Requirements. — While  the  language 
of  the  1974  Constitution  suggests  that  use  assess- 
ment shall  be  applied  to  all  eligible  lands,  the 
implementing  legislation  passed  in  1976  requires 
qualified  owners  to  apply  for  such  treatment  every 
4  years.  Application  is  to  be  made  to  the  assessor 
of  the  parish  where  the  property  is  located.  In  addi- 
tion to  the  application  itself,  an  agreement  must  be 
signed  stating  that  the  property  will  continue  to  be 
devoted  to  one  or  more  of  the  qualifying  uses.  Any 
individual  who  receives  use  valuation  by  virtue  of 
fraudulent  information  supplied  during  the  appli- 
cation process  is  penalized.  This  penalty  equals,  for 
each  year  by  which  such  treatment  is  so  received, 
five  times  the  difference  between  the  amount  of  tax 
paid  with  use  assessment  and  the  amount  that  would 
have  been  paid  with  market  assessment  (Title  47, 
Sections  2304  and  2306,  Louisiana  Revised  Statutes). 

Use  Valuation  Procedures. — For  bona  fide  agri- 
cultural, horticultural  and  timber  lands,  use  value 
is  defined  to  mean  "the  highest  value  of  such  land 
when  used  by  a  prudent  agricultural,  horticultural 
or  timber  operator  for  the  sole  purpose  of  con- 
tinuing the  operation  as  a  commercial  agricultural, 
horticultural  or  timber  use"  (Title  47,  Section  2301, 
Louisiana  Revised  Statutes).  For  bona  fide  marsh 
lands,  use  value  is  defined  as  "the  highest  value  of 
such  land  for  the  sole  purpose  of  continuing  the 
traditional  use  of  the  marsh  lands  for  hunting,  fish- 
ing, trapping  or  various  types  of  aquaculture  by  a 


prudent  manager  of  marsh  lands"  (Title  47,  Section 
2301,  Louisiana  Revised  Statutes).  Both  definitions 
make  it  apparent  that  neither  fair  market  value  nor 
value  to  the  general  public  are  to  be  considered  in 
assessing   qualifying  properties. 

In  the  case  of  bona  fide  agricultural,  horticultural 
and  timber  lands,  primary  responsibility  for  deter- 
mining use  value  is  assigned  to  the  Louisiana  Tax 
Commission.  While  exact  procedures  vary  by  land 
type,  in  each  instance  an  income  capitalization  ap- 
proach is  employed.  This  approach  encompasses  the 
following  basic  steps: 

1.  Annual  product  yields  are  estimated  for  lands 
of  differing  productivities.  In  this  regard,  four 
productivity  classes  are  recognized  for  each 
type  of  land.  These  are  designated  Class  I, 
Class  II,  Class  III  and  Class  IV.  For  agri- 
cultural and  horticultural  properties,  the  classes 
are  based  upon  a  system  formulated  by  the 
U.S.  Soil  Conservation  Service.  For  timber 
properties,  they  are  based  upon  a  scheme  de- 
veloped by  the  U.S.  Forest  Service. 

2.  Current  product  prices  are  monitored  and  then 
multiplied  by  the  anticipated  product  yields 
thus  providing  an  estimate  of  annual  gross 
revenue. 

3.  Data  on  the  annual  management  costs  that 
would  be  incurred  by  a  prudent  agricultural, 
horticultural  or  timber  land  operator  are  com- 
piled and  subsequently  deducted  from  annual 
gross  revenue  to  determine  annual  net  revenue. 

4.  Use  value  is  calculated  by  dividing  annual  net 
income  by  an  appropriate  capitalization  rate. 
The  latter  is  to  be  selected  after  weighing  sev- 
eral variables;  however,  for  agricultural  and 
horticultural  properties  it  cannot  be  less  than 
12  percent,  and  for  timber  properties  it  must 
be  at  least  10  percent  (Title  47,  Section  2307, 
Louisiana  Revised  Statutes). 

In  the  case  of  bona  fide  marsh  lands,  the  individual 
parish  assessors  have  the  primary  responsibility  for 
establishing  u.se  value.  In  fulfilling  this  assignment 
they  are  required  to  consider  the  income  obtainable 
from  the  traditional  uses  of  marsh  lands,  any  phy- 
sical and  economic  risks,  prevailing  interest  rates, 
the  liquidity  of  such  investments,  and  any  federal 
or  state  regulatory  constraints  which  impinge  upon 
the  use  of  wetlands.  Only  two  classes  of  marsh  land 
are  recognized  during  the  valuation  process;  these 
are  Salt  Water  Marsh  and  Fresh  Water  Marsh. 

Controversial  Aspects  of  Use  Valuation 

Louisiana,  like  most  states  having  similar  legis- 
lation, enacted  its  use  value  law  primarily  to  prevent 


the  premature  or  forced  conversion  of  forest,  farm 
and  other  rural  lands  to  more  intensive  uses.  The 
experiences  of  other  states  had  shown,  under  a  sys- 
tem of  market  based  assessments,  such  losses  could 
be  substantial — particularly  around  areas  subject  to 
pressures  from  urbanization,  industrialization,  second 
home  construction,  or  recreational  development.  In 
these  settings,  rural  land  market  values  can  easily 
exceed  values  based  upon  current  income  producing 
capability.  When  reflected  in  market  based  assess- 
ments, these  higher  land  values  increase  the  tax 
burden  on  rural  property  owners  even  though  their 
current  ability-to-pay  is  not  enhanced.  If  the  re- 
sultant "profit-squeeze"  becomes  sufficiently  severe, 
the  affected  lands  can  be  forced  into  development. 
Use  valuation,  by  restoring  the  relationship  between 
a  property's  taxable  value  and  its  income-producing 
potential,  offers  a  means  of  addressing  this  problem. 
Proponents  argue  it  enables  property  owners  to 
profitably  keep  their  undeveloped  lands  in  traditional 
uses.  Several  important  social  benefits  result.  These 
include:  (1)  greater  assurance  of  sufficient  food  and 
fiber  to  meet  future  needs;  (2)  the  economic  activity 
generated  by  viable  agricultural  and  forest  industries; 
(3)  increased  outdoor  recreation  opportunities  for 
urban  and  suburban  residents;  and  (4)  protection, 
or  perhaps  even  improvement,  of  air  and  water 
quality. 

At  present,  most  states  authorize  use  assessment 
for  certain  classes  of  rural  land.  However,  in  spite 
of  this  popularity,  such  legislation  has  become  in- 
creasingly controversial.  Three  main  areas  of  con- 
troversy have  developed.  One  area  concerns  the 
effectiveness  of  use  valuation  as  a  means  of  dis- 
couraging development.  Critics  contend  that  without 
rural  zoning  or  other  land  use  controls,  use  assess- 
ment will  have  little  impact  on  landowner  develop- 
ment decisions.  Arguments  used  to  support  this  posi- 
tion are:  (1)  that  the  cost  savings  provided  by  use 
assessment  are  small  compared  to  the  major  cost 
of  withholding  land  from  development — namely, 
foregone  interest;  (2)  that  many  property  owners 
will  be  unable  to  resist  the  potentially  large  capital 
gains  realizable  through  land  sales  and  development; 
(3)  that  use  valuation  addresses  only  one  of  a  broad 
range  of  economic,  demographic,  sociological  and 
transitional  factors  which  can  enter  into  the  decision 
to  sell  or  develop  a  property;  and  (4)  that  the  tax 
subsidy  represented  by  use  assessment  will  be  capi- 
talized into  higher  land  values  and  thus  influence 
the  development  decisions  of  the  initial  property 
owners  only  (Atkinson  1977,  Coughlin  et.  al.  1978, 
Gloudemans  1974,  Keene  et.  al.  1976,  Malone  and 
Ayesh  1979). 


A  second  controversy  concerns  the  possible  effects 
of  use  valuation  on  ineligible  property  owners.  Critics 
contend  that  the  tax  burden  on  these  individuals 
is  almost  sure  to  increase,  and  that  because  use 
assessment  is  unlikely  to  provide  the  intended  public 
benefits,  this  redistribution  of  the  tax  load  will 
probably  be  unwarranted.  This  conclusion  is  based 
upon  the  belief  that  use  valuation  will  normally  cause 
the  value  of  the  assessment  base  to  decline  and  that 
local  governments,  in  an  effort  to  maintain  revenue 
stability,  will  typically  respond  by  increasing  tax 
rates.  For  participants,  the  impact  of  a  higher  rate 
is  partially  offset  by  a  reduced  assessment.  For  non- 
participants,  however,  this  is  not  the  case.  Given 
constant  assessments  and  an  increased  rate,  each 
nonparticipant's  tax  bill  rises,  and  collectively  they 
bear  a  greater  proportion  of  the  total  tax  burden. 
This  phenomenon  is  called  "tax-shifting"  (Coughlin 
et.  al.  1978,  Dunford  1980,  Keene  et.  al.  1976). 

The  last  area  of  controversy  concerns  the  possible 
effects  of  use  valuation  on  the  amount  of  tax  revenue 
accruing  to  local  units  of  government.  Critics  con- 
tend that  the  government's  ability  to  increase  tax 
rates  is  often  constrained  by  political  pre.ssures  or 
legislative  ceilings,  and  that  consequently  local  tax 
revenues,  and  ultimately  the  public  services  which 
they  support,  may  be  reduced  by  initiating  use 
assessment.  This  occurs  because  erosion  in  the  value 
of  the  tax  base  cannot  be  readily  offset  by  adjust- 
ments in  the  tax  rate  (Keene  et.  al.  1976). 

Study  Objectives 

In  this  study,  the  short-run  fiscal  impacts  pre- 
cipitated by  the  adoption  of  use  valuation  in  Lousi- 
ana  were  explored.  Here  the  qualifying  phrase  "short- 
run"  refers  to  the  transitional  period  from  1977 
(i.e.  the  last  year  in  which  all  rural  lands  were 
assessed  and  taxed  on  the  basis  of  fair  market  value) 
to  1978  (i.e.  the  first  year  in  which  rural  lands  were 
eligible  for  use  valuation)."*  Within  this  context,  the 
specific  objectives  of  the  study  were: 


5Some  states  with  use  value  statutes  require  local  assessors 
to  keep  two  sets  of  assessment  records — one  based  on  use 
values  and  the  other  on  market  values.  In  Louisiana,  how- 
ever, this  is  not  the  case;  only  use  value  assessments  are 
carried  forward  from  year-to-year.  For  this  reason,  no  attempt 
was  made  to  examine  the  fiscal  impacts  of  use  valuation  for 
the  most  recent  tax  year.  Without  readily  available  infor- 
mation as  to  the  current  market  values  of  enrolled  properties, 
current  assessment  and  tax  changes  attributable  to  use 
valuation  would  have  been  very  difficult  to  estimate. 


1.  To  estimate — by  parish  and  for  the  state  as  a 
whole — the  extent  to  which  use  valuation  was 
adopted  by  the  owners  of  agricultural,  horti- 
cultural, marsh  and  timber  lands. 

2.  To  estimate — by  parish  and  for  the  state  as  a 
whole — how  use  valuation  affected  average  per 
acre  assessments  and  taxes  on  participating 
agricultural,  horticultural,  marsh  and  timber 
lands. 

3.  To  estimate — by  parish  and  for  the  state  as  a 
whole — how  total  annual  property  tax  revenues 
were  impacted  by  the  use  valuation  of  agricul- 
tural, horticultural,  marsh  and  timber  lands. 

4.  To  estimate — by  parish  and  for  the  state  as  a 
whole — the  redistributional  (i.e.  tax-shifting) 
effects  of  extending  use  valuation  to  agricul- 
tural, horticultural,  marsh  and  timber  lands. 

As  these  objectives  suggest,  in  this  study  atten- 
tion was  focused  on  the  last  two  of  the  three  previ- 
ously mentioned  areas  of  controversy.  Questions  per- 
taining to  the  effectiveness  of  Louisiana's  use  value 
law  as  a  policy  tool  for  discouraging  premature  or 
forced  development  were  not  considered. 


not  obtained  directly,  but  were  calculated  by  dividing 
the  total  amount  of  taxes  raised  by  the  total  as- 
sessed value  of  all  taxable  property. 

Regarding  the  collected  data,  two  points  warrant 
further  comment.  First,  no  acreage  or  assessment 
figures  were  obtained  for  horticultural  lands  because 
the  Tax  Commission,  in  its  Biennial  Reports,  lumps 
such  lands  together  with  agricultural  properties. 
Secondly,  certain  difficulties  were  encountered  in 
using  the  data  from  the  two  reports.  The  most  com- 
mon problem  was  that  one  report  would  show  a 
particular  parish  as  having  a  certain  type  of  rural 
land  whereas  the  other  would  not.  In  these  cases, 
no  attempt  was  made  to  estimate  the  fiscal  effects 
of  implementing  use  valuation — either  for  the  type 
of  land  in  question  or  for  all  enrolled  lands  combined. 
A  less  frequent  problem  was  that  some  1978  use 
value  assessment  figures  were  extremely  high.  While 
such  assessments  were  undoubtedly  a  consequence 
of  assessor  unfamiliarity  with  the  new  valuation  sys- 
tem, they  were  nonetheless  used  in  the  analysis  be- 
cause they  were,  in  fact,  the  taxable  values  employed 
in  1978. 

Data  Analysis 


METHODOLOGY 

Study  procedures  may  be  reviewed  in  two  stages: 
Data  sources  utilized,  and  analytical  procedures 
employed. 

Data  Sources 

All  data  were  obtained  from  the  Eighteenth  and 
Nineteenth  Biennial  Reports  of  the  Louisiana  Tax 
Commission.  These  reports  contain  statistics  about 
the  property  tax;  the  Eighteenth  for  the  years  1976 
and  1977,  and  the  Nineteenth  for  the  years  1978 
and   1979. 

For  1977,  the  information  collected,  by  parish, 
included:  (1)  the  total  acreage  in  each  class  of 
eligible  land;  and  (2)  the  total  market  value  assess- 
ment associated  with  each  class  of  eligible  land.  For 
1978,  the  following  parish  data  were  gathered:  (1) 
the  total  acreage  in  each  class  of  eligible  land;  (2)  the 
total  acreage  of  "miscellaneous"  agricultural  and 
timber  land;  (3)  the  total  use  value  assessment 
associated  with  each  class  of  eligible  land;  (4)  the 
total  assessed  value  of  all  taxable  property;  (5)  the 
total  amount  of  tax  revenues  raised;  and  (6)  the 
average   millage   rate.   Average   millage   rates   were 


Analytical  procedures  will  be  discussed  by  ob- 
jective and  illustrated  by  example.  While  any  parish 
and  type  of  eligible  land,  including  all  types  com- 
bined, could  be  used  for  this  purpose,  the  case  of 
timber  land  in  Avoyelles  Parish  will  be  considered. 
Before  beginning  the  review,  the  required  data  must 
be  set  forth. 

For  the  tax  year  1977,  the  following  data  would  be 
obtained  from  the  Tax  Commission's  Eighteenth 
Biennial  Report: 

1.  Total   acreage   in   each   class   of   timber  land. 

Class  Total  Acreage 

(acres) 

Hardwood  Land   225,008 

Longleaf  Pine  Land   

Other  Pine  Land   13,547 

Tidewater  Cypress  Land  .  . 

2.  Total  market  value  assessment  associated  with 
each  class  of  timber  land. 

Class  Total  Assessment 

(dollars) 

Hardwood  Land   1,349,510 

Longleaf  Pine  Land 

Other  Pine  Land    81,080 

Tidewater  Cypress  Land  .  . 
For  the   tax  year   1978,   the   Tax   Commission's 
Nineteenth  Biennial  Report  would  be  used  to  obtain 
the  information  listed  below: 


1.  Total  acreage   in   each   class   of  timber   land. 

Class  Total  Acreage 

(acres) 

Class  I    16,516 

Class  II    40,526 

Class  III    113,014 

Class  IV   7,665 

2.  Total  acreage  of  "miscellaneous"  timberland." 

19,266  acres 

3.  Total  use  value  assessment  associated  with  each 
class  of  timber  land. 

Class  Total  Assessment 

(dollars) 

Class  I    196,040 

Class  II    408,370 

Class  III     740,530 

Class  IV  39,040 

4.  Total  assessed  value  of  all  taxable  property. 

$51,751,630 

5.  Total  amount  of  tax  revenues  raised. 

$2,387,487 

6.  Average  millage  rate.' 

46.13  mills 

Objective  (1):  Estimating  Extent  of  Adoption. — 
Election  of  use  valuation  by  qualified  property 
owners  was  measured  in  two  ways:  the  acreage  of 
land  enrolled,  and  the  acreage  enrolled  as  a  percent- 
age of  the  acreage  eligible  for  enrollment.  For  each 
parish  and  type  of  eligible  land,  the  acreage  enrolled 
was  determined,  using  the  1978  data,  by  summing 
the  acreage  reported  for  each  productivity  class.  For 
timber  land  in  Avoyelles  Parish,  the  computation 
was  as  follows: 

acreage  enrolled 

=   acres  of  Class  I  timber  land  + . . .  +  acres  of 

Class  IV  timber  land 
=   16,516  acres  +  40,526  acres  +   113,014  acres 

+  7,665  acres 
=   177,721  acres. 

To  express  participation  on  a  percentage  basis,  it 
was  first  necessary  to  estimate  the  amount  of  each 
type  of  land  eligible  for  enrollment.  This  was  done 
by  adding,  to  the  acreage  enrolled,  the  acreage  classi- 
fied as  "miscellaneous".  Since  the  latter  indicates 
the  amount  of  land  not  being  assessed  on  the  basis 
of  use,  the  sum  of  the  two  figures  approximates  the 


total  area  eligible  for  use  valuation.  Given  this 
approximation,  the  desired  participation  percentages 
can  be  readily  calculated  by  dividing  the  acreage  en- 
rolled by  the  acreage  eligible  and  multiplying  the 
quotient  by  100.  For  timber  land  in  Avoyelles  Parish, 
the  computation  would  be  as  follows: 

participation  percentage 

=  100  [acreage  of  timber  land  enrolled  -^  (acre- 
age of  timber  land  enrolled  +  acreage  of  mis- 
cellaneous timber  land)] 

=  100  [177,721  acres  ^  (177,721  acres  +  19,266 
acres]) 

=   90.2  percent. 

The  preceding  approach  to  estimating  the  par- 
ticipation percentages  has  shortcomings.  For  one 
thing,  it  fails  to  recognize  that  for  any  qualifying 
land  use,  some  properties  of  insufficient  size  or  in- 
come will  be  ineligible.  For  another  thing,  since  the 
Tax  Commission's  Biennial  Reports  did  not  list  any 
"miscellaneous"  marsh  land,  it  had  to  be  assumed, 
perhaps  unrealistically,  that  all  privately  owned 
marsh  was  assessed  on  the  basis  of  use.  Finally,  for 
agricultural  and  timber  lands,  it  is  doubtful  that  the 
reported  "miscellaneous"  acreage  figures  consistently 
reflect  all  the  additional  areas  eligible  for  use  valu- 
ation. Some  assessors  apparently  designate  rural 
lands  not  being  assessed  on  the  basis  of  use  as 
"miscellaneous  land"  without  making  any  attempt 
to  show  the  actual  land  use.* 

Objective  (2) :  Estimating  Effects  on  Participants. 
— The  effects  of  use  valuation  on  the  average  per 
acre  assessments  and  taxes  of  participating  property 
owners  were  estimated  in  three  steps:  (1)  market 
value  assessments  and  taxes  were  derived  for  the  tax 
year  1978,  (2)  use  value  assessments  and  taxes  were 
derived  for  the  same  tax  year,  and  (3)  the  two  sets 
of  figures  were  compared. 

Regarding  step  (1),  for  each  parish  and  type  of 
eligible  land,  average  per  acre  market  value  assess- 
ments were  determined,  using  the  1977  data,  by 
aggregating  the  total  assessed  valuations  and  total 
acreages  associated  with  all  recognized  land  classes 
and  then  dividing  the  first  sum  by  the  second.  For 
timber  land  in  Avoyelles  Parish,  the  calculation 
should  be: 

average  per  acre  market  value  assessment 

=    (total  assessed  valuation  of  Hardwood  Land 


^Represents    those   forest    properties   which   continue   to   be 
assessed  on  the  basis  of  market  value. 

^Represents    the    dollars    of    tax    per    thousand    dollars    of 
assessed  valuation. 


8A  parish-by-parish  comparison  of  the  total  acreage  of 
privately  owned  timber  land  as  determined  by:  (1)  the  pro- 
cedure used  in  this  study,  and  (2)  the  use  of  Forest  Survey 
statistics — revealed  that  the  first  method  often  results  in  a 
smaller  acreage  figure  than  the  second. 


+ .  . .  +  total  assessed  valuation  of  Tidewater 
Cypress  Land)  ^  (acreage  of  Hardwood  Land 
+  ...  + acreage   of   Tidewater   Cypress    Land) 

=  ($1,349,510  +  0  n-  $81,080  +  0)  -^  (225,088 
acres  +  0  -f  13,547  acres  +  0) 

=   $5.99/acre. 

The  corresponding  market  value  taxes  were  ob- 
tained by  multiplying  the  preceding  assessments  by 
1978  millage  rates.  For  timber  land  in  Avoyelles 
Parish,  this  process  yields  the  following  result: 

average  per  acre  market  value  tax 

=   average  per  acre  market  value  assessment  of 

timber  land        average  millage  rate 
=   $5.99/acre  X  46.13  mills 
=   $.28/acre. 

Turning  to  step  (2),  average  per  acre  use  value 
assessments  and  taxes  were  determined  in  the  same 
manner  as  their  market  value  counterparts;  the  only 
difference  being  that  the  total  assessed  valuation 
and  acreage  data  for  1978  were  utilized.  Referring 
again  to  the  case  of  timber  land  in  Avoyelles  Parish, 
we  have  the  following: 

average  per  acre  use  value  assessment 

=  (total  assessed  valuation  of  Class  I  timber  land 
+ . .  .  +  total  assessed  valuation  of  Class  IV 
timber  land)  -^  (acreage  of  Class  I  timber  land 
+  .  . .+  acreage  of  Class  IV  timber  land) 

=  ($196,040  +  $408,370  +  $740,530  +  $39,040) 
^  (16,516  acres  +  40,526  acres  +  113,014 
acres  +  7,665  acres) 

=   $7.79/acre. 

average  per  acre  use  value  tax 

=   average  per  acre  use  value  assessment  of  timber 

land  X  average  millage  rate 
=   $7.79/acre  X  46.13  mills 
=  $.36/acre. 

Finally,  concerning  step  (3),  the  effects  of  use 
valuation  on  average  per  acre  assessments  and  taxes 
were  calculated  by  subtracting  the  previous  market 
value  figures  from  the  corresponding  use  values.  This 
process  is  shown  below  for  the  case  of  timber  land 
in  Avoyelles  Parish: 

effect  on  average  per  acre  assessment 

=  average  per  acre  use  value  assessment  of  tim- 
ber land  —  average  per  acre  market  value 
assessment  of  timber  land 

=   $7.79/acre  —  $5.99/acre 

=    +  $1.80/acre. 

effect  on  average  per  acre  tax 

=   average  per  acre  use  value  tax  on  timber  land 


—  average  per  acre  market  value  tax  on  timber 
land 

=   $.36/acre  —  $.28  acre 
=    ^  $.08/acre. 

The  three-step  procedure  outlined  above  rests  upon 
the  assumption  that  the  1977  market  values  of  all 
enrolled  lands  can  be  carried  over,  without  adjust- 
ment, to  1978.  While  this  premise  is  almost  certainly 
untrue,  it  was  believed  to  be  acceptable  since  the 
time  interval  involved  was  only  one  year.  Other 
options  would  have  been  to  assume  some  average 
annual  rate  of  value  change  for  each  type  of  qualify- 
ing land  or,  alternatively,  to  take  a  sample  of  actual 
1978  market  values.  Both  of  these  latter  approaches 
were  judged  to  be  impractical. 

Objective  (3):  Estimating  Impacts  on  Tax  Rev- 
enues.— The  impacts  of  use  valuation  on  the  amount 
of  tax  revenue  accruing  to  local  units  of  government 
were  estimated  by  deducting,  from  the  total  revenues 
collected  in  1978  from  each  type  of  enrolled  land,  the 
total  revenues  that  would  have  been  collected  if  these 
same  lands  had  been  assessed  and  taxed  on  the  basis 
of  market  value. 

For  each  parish  and  type  of  eligible  land,  the  total 
amount  of  revenue  collected  in  1978  was  determined 
by  multiplying  the  average  per  acre  use  value  tax  by 
the  total  number  of  acres  being  assessed  on  the  basis 
of  use  value.  For  timberland  in  Avoyelles  Parish,  the 
computation  is  as  follows: 

total  revenues  collected  given  use  valuation 

=   average  per  acre  use  value  tax  on  timber  land 

X  acreage  of  timber  land  enrolled 
=   $.36 /acre  ^'  177,721  acres 
=   $63,802. 

The  amount  of  revenue  that  would  have  been  col- 
lected in  1978  if  each  type  of  eligible  land  had  been 
assessed  and  taxed  on  the  basis  of  market  value  was 
calculated  by  multiplying  the  average  per  acre  mar- 
ket value  tax  by  the  total  acreage  enrolled.  The  com- 
putation is  shown  below  for  timber  land  in  Avoyelles 
Parish: 

total  revenues  collectible  given  market  valuation 
=   average  per  acre  market  value  tax  on  timber 

land  X  acreage  of  timber  land  enrolled. 
=   $.28 /acre  X  177,721  acres 
=   $49,051. 

The  desired  revenue  impact  estimate  was  deter- 
mined, as  indicated  earlier,  by  subtracting  the  rev- 
enues collectible  given  market  valuation  from  the 
revenues  actually  collected  given  use  valuation.  For 
the  case  example,  this  calculation  yields  the  following 
result: 


impact  on  total  tax  revenues 

=  total  revenue  collected  from  timber  land  given 
use  valuation  —  total  revenue  collectible  from 
timber  land  given  market  valuation 

=   $63,802  — $49,051 
=    +  $14,751. 

Objective  (4):  Estimating  the  Redistributional 
Consequences. — The  tax-shifting  effects  of  adopting 
use  valuation  were  analyzed  by  assuming  that  local 
units  of  government  would  respond  to  changes  in  the 
assessed  value  of  the  tax  base  by  altering  tax  rates  to 
maintain  revenue  stability.  Given  this  premise,  three 
measures  of  the  tax-shift  were  developed.  Each  indi- 
cator is  discussed  below. 

The  first  measure  was  the  change  in  the  tax  rate 
required  to  keep  revenues  constant.  For  each  parish 
and  type  of  eligible  land,  several  steps  were  needed 
to  quantify  this  variable.  To  start,  the  total  use 
assessment  of  enrolled  land  was  deducted  from  the 
total  assessed  value  of  all  taxable  property  to  obtain 
a  residual  representing  the  total  assessed  value  of 
all  taxable  property  exclusive  of  the  type  of  land 
under  consideration.  For  timber  land  in  Avoyelles 
Parish,  the  computation  would  be  as  follows: 

total  assessed  value  of  all  taxable  property  ex- 
clusive of  participating  timber  land 
=   total  assessed  valuation  of  all  taxable  property 
—  (total  assessed  valuation  of  Class  I  timber 
land  + . . .  +  total  assessed  valuation  of  Class 
IV  timber  land) 
=   $51,751,630—  ($196,040  +  $408,370  +  $740,- 

530  +  $39,040) 
=   $50,367,650. 

Next,  the  total  acreage  of  each  type  of  land,  being 
assessed  on  the  basis  of  use  was  multiplied  by  the 
corresponding  average  per  acre  fair  market  value 
assessment,  to  obtain  a  product  approximating  the 
total  fair  market  value  assessment  of  the  type  of 
land  under  consideration.  This  product  was  then 
added  to  the  residual  assessment  figure  computed  in 
the  preceding  step,  thereby  yielding  the  total  as- 
sessed value  of  all  taxable  property  when  enrolled 
lands  are  subject  to  market  instead  of  use  valuation. 
For  the  selected  case  example,  the  procedure  would 
be  as  indicated  below: 

total  assessed  value  of  all  taxable  property  given 
market  valuation  of  participating  timber  land 
=   total  assessed  value  of  all  taxable  property  ex- 
clusive of  timber  land  +  (total  acreage  of  tim- 
ber land  enrolled   "^^  average  per  acre  market 
value  assessment  of  timber  land) 
=   $50,367,650  +    (177,721  acres  X   $5.99/acre) 
=   $51,432,199. 


Finally,  the  desired  estimate  of  the  change  in  the  j 
tax  rate  required  to  maintain  revenue  stability  was 
derived  by  subtracting,  from  the  average  1978  mil- 
lage  rate,  the  millage  rate  obtained  by  dividing  the 
amount  of  tax  revenue  actually  raised  in  1978  by  the 
total  assessment  figure  generated  in  the  preceding 
step.  For  timber  land  in  Avoyelles  Parish,  the  result 
would  be  as  shown  below: 

change  in  tax  rate  required  to  maintain  revenue       J 
stability  * 

=   average  millage  rate  given  use  valuation  of  tim- 
ber land  —  (total  tax  revenue  to  be  raised  -^ 
total  assessed   value   of  all   taxable   property 
given  market  valuation  of  timber  land) 
=   46.13    mills  —  $2,387,487  ^  $51,432,199) 
=   46.13  mills  —  46.42  mills 
=   —  0.29  mills. 

The  second  tax-shifting  measure  was  the  total  i 
dollar  amount  of  taxes  shifted.  For  each  parish  and 
type  of  qualifying  land,  two  steps  were  required  to 
quantify  this  variable.  Holding  total  tax  revenues 
constant  at  1978  levels,  the  first  step  was  to  deter- 
mine how  much  tax  would  be  collected  from  enrolled 
lands  if  they  were  assessed  at  market  value.  This 
figure  was  derived  by  multiplying  the  total  acreage 
of  land  enrolled  by  the  average  per  acre  market  value 
assessment  of  such  land  and  the  millage  rate  required 
to  insure  revenue  stability  when  all  property  is  sub- 
ject to  market  valuation.  The  second  step  was  to 
deduct  from  the  preceding  revenue  figure,  the  total 
amount  of  tax  actually  collected  from  the  enrolled 
lands  in  1978.  The  latter  was  previously  calculated 
by  multiplying  the  total  acreage  of  land  enrolled  by 
the  average  per  acre  use  value  tax.  For  timber  land 
in  Avoyelles  parish,  the  computations  would  be  made 

as  follows: 

tax  revenue  collected  from  participating  timber 

land  given  market  valuation 

=   total  acreage  of  timber  land  enrolled  X  average 

per  acre  market  value  assessment  of  timber  land 

X  adjusted  millage  rate 
=    177,721  acres    ■    $5.99/acre  X  46.42  mills 
=   $49,286. 

total  dollar  amount  of  taxes  shifted  to  the  owners 

of  nonparticipating  property 

=   tax  revenue  collected  from  timber  land  given 

market  valuation  —  tax  revenues  collected  from 

timber  land  given  use  valuation 
=   $49,286  —  $63,802 
=  —$14,516. 

The  last  tax-shifting  measure  was  the  percentage 
of  the  total  tax  burden  shifted.  Since  the  amounts  of 
tax  revenue  that  would  be  obtained  from  enrolled 


lands,  in  both  the  market  value  and  use  value  cases, 
have  already  been  determined;  this  variable  is  easily 
quantified  by:  (1)  expressing  each  of  the  preceding 
revenue  figures  as  percentages  of  the  total  revenues 
raised,  and  (2)  deducting  the  second  percentage  from 
the  first.  The  computations,  for  timber  land  in 
Avoyelles  parish,  are  outlined  below: 

percentage  of  tax  burden  borne  by  participating 

timber  land  given  market  valuation 

=    100   (tax  revenue  collected  from  timber  land 

given  market  valuation    ^   total  tax  revenues 

raised) 
=   100  ($49,286  ^  $2,387,487) 
=   2.07  percent. 

percentage  of  tax  burden  borne  by  participating 

timber  land  given  use  valuation 

=    100   (tax  revenue  collected  from  timber  land 

given    use    valuation    h-    total    tax    revenues 

raised) 
=    100  ($63,802  ^  $2,387,487) 
=   2.67  percent. 

percentage   of   total   tax   burden    shifted    to   the 

owners  of  nonparticipating  property 

=  percentage  of  tax  burden  borne  by  timber  land 
given  market  valuation  —  percentage  of  tax 
burden  borne  by  timber  land  given  use  valu- 
ation 

=   2.07  percent  —  2.67  percent 

=  —  0.60  percent. 


RESULTS 

Given  the  extensive  data  developed,  the  following 
restrictions  were  observed  in  preparing  this  section 
of  the  paper: 

•  Where  different  types  of  qualifying  land  are 
recognized — i.e.  forest,  agricultural  (including 
horticultural),  marsh,  and  the  total  of  all  types 
combined — enrollment  and  fiscal  impact  sta- 
tistics are  presented  on  a  statewide  basis  only. 

•  Where  different  parishes  are  recognized,  enroll- 
ment and  fiscal  impact  statistics  are  provided  for 
only  one  type  of  qualifying  land — i.e.  the  sum  of 
all  types  combined. 

All  findings  not  explicitly  reported  in  the  body  of  the 
paper  are  available  through  a  series  of  nine  appendix 
tables. 

Extent  of  Adoption 

In  the  first  year,  enrollments  under  Louisiana's  use 
value  law  were  extremely  high.  As  indicated  in  table 
1,  close  to  23.5  million  acres   of  rural  land   were 


Table  1. — Extent  of  adoption  of  use  ualuation  in  Louisiana. 
1978 


Type  of 
land 


Amount  of  land 

assessed  at 

use  value 


Proportion  of 

all  eligible  land 

assessed  at 

use  value 


Forest 

Agricultural' 
Marsh 
Total 


acres 

11,888,288 

7,496,891 

4.074,919 


percent 

98.3 

97.2 

100.0 


23,460,098 


98.2 


'Includes  horticultural  land. 


assessed  on  the  basis  of  use  in  1978.  This  total  in- 
cluded approximately  12  million  acres  of  forest  land, 
7.5  million  acres  of  agricultural  land,  and  4  million 
acres  of  marsh.  Expressing  these  figures  as  percent- 
ages of  the  total  amounts  of  each  type  of  land 
eligible  for  use  valuation  shows  that,  for  the  state- 
as-a-whole,  an  estimated  98.2  percent  of  all  qualify- 
ing lands  were  enrolled.  The  level  of  adoption  was 
greatest  for  marsh  land,  a  full  100  percent,  and  lowest 
for  agricultural  land,  only  97.2  percent.  For  forest 
land,  the  participation  percentage  was  98.3. 

Enrollment  levels  within  the  individual  parishes 
have  been  depicted  in  figure  1.  Two  parishes.  East 
Baton  Rouge  and  Orleans,  both  heavily  urbanized, 
contained  no  qualifying  rural  lands.  Of  the  remaining 
parishes,  all  eligible  properties  were  being  assessed 
on  the  basis  of  use  in  39,  between  90  and  100  percent 
in  20,  and  between  80  and  90  percent  in  2.  Only  one 
parish,  Beauregard,  had  an  adoption  level  of  less  than 
80  percent.  In  this  instance,  only  75.3  percent  of  all 
eligible  lands  were  being  assessed  on  the  basis  of  use. 

Effects  on  Participating  Properties 

Although  exceptions  occurred,  implementation  of 
use  valuation  generally  caused  assessments  and  taxes 
on  participating  properties  to  increase.  In  absolute 
terms,  the  magnitude  of  the  increases  tended  to  be 
small;  in  percentage  terms,  however,  they  were  some- 
times large. 

Table  2  indicates  that  under  market  valuation 
forest  lands  would  have  a  taxable  value  of  $7.21/ 
acre,  agricultural  lands  a  value  of  $21.98/acre,  and 
marsh  lands  a  value  of  $3.74/acre.  For  all  three  land 
types  combined,  the  average  market  assessment 
would  be  $11.33/acre.  As  use  valuation  is  imple- 
mented, these  averages  rise.  The  new  taxable  values 
become  $8.97/acre  for  forest  land,  an  increase  of 
$1.76;  $25.30/acre  for  agricultural  land,  an  increase 
of  $3.32;  $7.61/acre  for  marsh,  an  increase  of  $3.87; 


I        I    >  70  %    BUT    <    80  7o 

>  80    7o    BUT   <    90  7o 


IS 


=    100  7o 

NO    ELIGIBLE   LAND 


^ 


^ 


>  90  7o    BUT   <  100  7o 


Figure  1. — Proportion  of  all  eligible  land  assessed  at   use  value  in  Louisiana  parishes,  1978. 
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Table  2. — Analysis  of  the  effects  of  use  valuation  on  average  per  acre  assessments  in 
Louisiana,  1977  to  1978 


Type  of 
land 


Average 

fair  market 

value  assessment 


Average 
use  value 
assessment 


Change 

average  assessment 

due  to 

use  valuation 


Forest 

Agricultural! 
Marsh 
Total 


7.21 

21.98 

3.74 


11.33 


-$/acre- 

8.97 

25.30 

7.61 


13.95 


+  1.76 
+  3.32 
+  3.87 


+  2.62 


^Includes  horticultural  land. 


and  $13.95/acre  for  all  lands  combined,  an  increase 
of  $2.62.  In  interpreting  these  figures,  it  should  be 
remembered  that  the  assessment  ratio  applicable  to 
all  land  in  Louisiana  is  10  percent. 

Figure  2  illustrates  how  use  valuation  affected 
average  per  acre  assessments  within  individual  par- 
ishes. Of  the  36  cases  where  the  effects  were  quanti- 
fiable, 26  parishes  experienced  assessment  increases 
of  less  than  $5.00/acre,  4  experienced  increases  of 
between  $5.00  and  $10.00/acre,  and  2  experienced 
increases  of  over  $10.00/acre.  Assessment  declines 
were  encountered  in  only  four  instances.  In  three  of 
these  parishes  the  decline  was  smaller  than  $5.00/ 
acre;  in  the  fourth  it  was  greater  than  $5.00  but  less 
than  or  equal  to  $10.00/acre. 

Table  3  indicates  that  with  market  valuation  the 
tax  levy  would  be  $.46/acre  on  forest  lands,  $1.42/ 
acre  on  agricultural  lands,  $.24/acre  on  marsh  lands, 
and  $.73/acre  on  all  lands  combined.  As  use  valuation 
is  implemented,  these  tax  levels  rise.  The  average  tax 
on  forest  land  increases  by  $.12,  to  a  total  of  $.58/ 
acre;  the  average  tax  on  agricultural  land  increases 
by  $.21,  to  a  total  of  $1.63/acre;  the  average  tax  on 
marsh  increases  by  $.25,  to  a  total  of  $.49/acre;  and 
the  average  tax  on  all  enrolled  lands  increases  by 
$.17,  to  a  total  of  $.90/acre.  These  higher  taxes  are 
predictable  given  the  higher  assessments  caused  by 
adoption  of  use  valuation. 

Figure  3  describes  the  tax  changes  within  individual 
parishes  and  reveals  two  tendencies.  First,  in  Louisi- 
ana use  assessment  typically,  but  not  invariably, 
caused  the  average  per  acre  tax  on  participating 
properties  to  rise.  Among  the  parishes  where  the  tax 
effects  could  be  estimated,  increases  occurred  in  32 
cases  and  declines  in  only  4.  Secondly,  in  absolute 
terms  the  tax  changes,  like  the  previous  assessment 
changes,  tended  to  be  modest.  In  33  of  the  36  cases 
where  the  tax  effects  were  estimated,  the  amount  of 
the  change,  either  increase  or  decrease,  was  less  than 
or  equal  to  $.50/acre. 


Table  3. — Analysis  of  the  effects  of  use  valuation  on  average 
per  acre  taxes  in  Louisiana,  1977  to  1978 


Type  of 
land 


Average 

fair  market 

value  tax 


Average 

use  value 

tax 


Change  in 
average  tax 

due  to 
use  valuation 


Forest 

Agricultural! 
Marsh 
Total 


0.46 
1.42 
0.24 


• $/acre ■ 
0.58 
1.63 
0.49 


+  0.12 
+  0.21 
+  0.25 


0.73 


0.90 


+  0.17 


!Includes  horticultural  land. 


Table  4. — Percentage  change  in  average  per  acre  assessment 
and  taxes  attributable  to  adoption  of  use  valuation 
in  Louisiana,  1977  to  1978 


Type  of 
land 

Percentage  change 

in  average  per  acre 

assessments 

and  taxes 

Forest 

Agricultural! 
Marsh 
Total 

percent 
+  25.25 
+  14.95 
+  103.82 
+  23.21 

ilncludes  horticultural  land. 

The  observed  assessment  and  tax  changes,  while 
generally  small  in  absolute  terms,  were  sometimes 
large  when  expressed  as  percentages  of  the  original 
assessment  and  tax  levels.  Table  4  shows  that,  state- 
wide, average  per  acre  assessments  and  taxes  on 
marsh  lands  rose  by  more  than  100  percent  as  a 
result    of    switching    to    use    valuation.    On    forest 
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^ 


^ 


EFFECT    INDETERMINANT    BECAUSE 
OF    DATA    INSUFFICIENCIES 

DECREASED    BY>$5.00     BUT<$!0.00 

DECREASED    BY>$0.00    BUT<$5.00 

INCREASED    BY>$0.00     BUT  <$  5.00 


■jC£. 


INCREASED    BY  >  $5.00 
BUT  <   i  10.00 

INCREASED    BY  >  $10.00 

NO    ELIGIBLE     LAND 


Figure  2. — Effects  of  use  valuation  on  average  per  acre  assessments  in  Louisiana  parishes,  1977  to  1978. 
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EFFECT    INDETERMINANT    BECAUSE 
OF    DATA    INSUFFICIENCIES 


INCREASED    BY  >  $0.  50 
BUT  <$l.00 


El    DECREASED     BY>ft0.50  BUT<ftl.00 

I  Q  O  O  O  Ol  "  " 

DECREASED     BY>$0.00  BUT<$0.50 

INCREASED    BY>$0.00  BUT<$0.50 


^•]     INCREASED    BY>$I.OO 


^ 


NO    ELIGIBLE    LAND 


"I,  .J,'iJi5( 


Figure  3. — Effects  of  use  valuation  on  average  per  acre  taxes  in  Louisiana  parishes,  1977  to  1978. 
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Table  5. — Impacts  of  use  valuation  on  total  property  tax  revenues  in  Louisiana,  1978 


Type  of 
land 


Total  revenues 
collectible  given 
market  valuation 


Total  revenues 
collected  given 
use  valuation 


Change  in 
total  revenues 

due  to 
use  valuation 


Forest 

Agricultural! 
Marsh 
Total 


5,516,166 

10,615,598 

982,055 


17,113,819 


--dollars -- 
6,871,430 

12,212,435 
1,996,710 


21,080,575 


+  1,355,264 
+  1,596,837 
+  1,014,655 


+  3,966,756 


includes  horticultural  land. 


and  agricultural  lands,  the  comparable  percentage 
changes  were  approximately  +25  percent  and  +15 
percent,  respectively.  For  all  enrolled  lands,  the 
weighted  average  percentage  increase  was  just  over 
23  percent. 

Within  individual  parishes,  the  percentage  changes 
in  average  per  acre  assessments  and  taxes  were  as 
presented  in  figure  4.  Of  the  32  parishes  where  in- 
creases occurred — in  18  cases  the  increase  was  25 
percent  or  less,  in  6  cases  it  was  between  25  and  50 
percent,  in  4  cases  it  was  between  50  and  75  percent, 
in  2  cases  it  was  between  75  and  100  percent,  and  in 
2  cases  it  was  over  100  percent.  Of  the  four  parishes 
where  assessments  and  taxes  declined,  in  three  the 
decline  was  25  percent  or  less  and  in  one  it  was  be- 
tween 25  and  50  percent. 

Impacts  on  Tax  Revenues 

Increased  assessments  and  taxes  on  participating 
properties,  as  one  would  expect,  tended  to  increase 
the  revenues  accruing  to  local  units  of  government. 
In  absolute  terms,  some  increases  seem  large;  ex- 
pressed as  percentages  of  all  property  tax  receipts, 
however,  they  are  generally  rather  minor. 

Table  5  indicates  that  for  the  entire  state,  given 
market  valuation  and  the  average  millage  rates  em- 
ployed in  1978,  approximately  $5.5  million  in  rev- 
enues would  have  been  collected  from  participating 
forest  lands,  $10.6  million  from  participating  agri- 
cultural lands,  and  $1.0  million  from  participating 
marsh  lands.  Thus,  for  all  enrolled  lands  combined, 
total  tax  receipts  would  have  been  roughly  $17.1 
million.  With  use  valuation,  total  collections  were 
somewhat  higher.  Forest  lands  provided  about  $6.9 
million  in  revenues,  a  gain  of  over  $1.3  million;  agri- 
cultural lands  about  $12.2  million,  a  gain  of  just 
under  $1.6  million;  and  marsh  lands  about  $2.0  mil- 
lion, a  gain  of  over  $1.0  million.  For  all  participating 


lands  combined,  total  tax  receipts  thus  approached 
$21.1  million  under  use  assessment,  an  increment  of 
nearly  +4.0  million. 

As  shown  in  figure  5,  the  revenue  impacts  of  use 
valuation  were  highly  variable  among  parishes.  Con- 
sistent with  earlier  findings,  of  the  36  cases  where 
the  impacts  were  quantifiable,  tax  receipts  increased 
in  32  and  declined  in  4.  Among  parishes  experiencing 
increases,  in  15  the  increase  was  $50,000  or  less,  in 
5  it  was  between  $50,000  and  $100,000,  in  another  5 
it  was  between  $100,000  and  $150,000,  in  4  it  was 
between  $150,000  and  $200,000,  and  in  3  it  exceeded 
$200,000.  Considering  parishes  where  descreases  oc- 
curred, in  2  the  decline  was  $50,000  or  less,  and  in 
2  it  exceeded  $50,000  but  not  $100,000. 

If  the  revenue  changes  attributable  to  use  valu- 
ation are  expressed  as  percentages  of  the  total  tax 
revenues  collectible  given  market  valuation  of  all 
taxable  property,  one  obtains  the  figures  shown  in 
table  6.  These  data  indicate  that,  despite  the  high 
levels  of  enrollment,  in  1978  assessment  of  Louisi- 
ana's rural  lands  on  the  basis  of  use  as  opposed  to 
fair  market  value  had  relatively  little  impact  on 
total  property  tax  receipts.  For  agricultural,  forest 
and   marsh   lands,   average   percentage   changes   of 


Table  6. — Percentage  change  in  total  property  tax  revenues 
attributable  to  adoption  of  use  valuation  in  Loui- 
siana, 1978 


Type  of  land 


Percentage  change  in  total  tax  revenues 


Forest 

Agricultural! 
Marsh 
Total 


percent 
+0.26 
+0.31 
+  0.20 
+0.77 


'Includes  horticultural  land. 
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PERCENTAGE  CHANGE  INDETERMINANT  BECAUSE  OF  DATA  INSUFFICIENCIES 
|oV:v:-"J  DECREASED  BY>25  PERCENT  BUT  <  50  PERCENT 
DECREASED  BY>0  PERCENT  BUT<25  PERCENT 


WMM    INCREASED  BY  >  0  PERCENT  BUT<25  PERCENT 


INCREASED  BY > 25  PERCENT  BUT<50  PERCENT 


^^"1  INCREASED  BY  > 50  PERCENT  BUT  < 75  PERCENT 


mm    INCREASED  BY  >  75  PERCENT  BUT  <  100  PERCENT 
INCREASED  BY  >  100  PERCENT 


NO  ELIGIBLE  LAND 


Figure  4. — Percentage  change  in  average  per  acre  assessments  and  taxes  attributable  to  adoption  of  use  valuation 
in  Louisiana  parishes,  1977  to  1978. 
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I  I    IMPACT    INDETERMINANT    BECAUSE     OF     DATA    INSUFFICIENCIES 

[         I    DECREASED    BY>|50,000    BUT<  #100,000 

^^    DECREASED     BY  >  $  0     BUT<$50,000 

f     ']    INCREASED    BY>|0     BUT  <  $50,000 

I         I    INCREASED     BY>$50,000    BUT<#IOO,000 

^^    INCREASED     BY  >  $100,000     BUT<  $150,000 

INCREASED    BY  >  $150,000    BUT  <  $200,000 

INCREASED    BY > $200,000 

NO    ELIGIBLE    LAND 


•'•'•'''•'*'•' 


rr-r"^    , 


Figure  5. — Impacts  of  use  valuation  on  total  property  tax  revenues  in  Louisiana  parishes,  1978. 
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+  .31,  +.26  and  +.20  percent,  respectively,  were 
observed.  For  all  enrolled  lands  combined,  total  re- 
ceipts from  throughout  the  state  increased  by  only 
.77  percent— i.e.  .31  +  .26  +  .20. 

Figure  6  summarizes  all  available  information 
about  how  total  property  tax  revenues  were  changed, 
on  a  percentage  basis,  by  the  adoption  of  use  valu- 
ation within  individual  parishes.  The  figure  indicates 
that  18  parishes  experienced  revenue  increases  of  less 
than  or  equal  to  2.5  percent;  10  had  increases  of 
between  2.5  and  5.0  percent;  3  had  increases  of  be- 
tween 5.0  and  7.5  percent;  and  1 — St.  Helena — had 
an  increase  of  over  10.0  percent.  Of  those  parishes 
for  which  the  revenue  impacts  were  quantifiable,  only 
four  experienced  revenue  declines.  In  none  of  these 
cases  did  the  amount  of  revenue  lost  exceed  2.5  per- 
cent of  the  total  taxes  collectible  given  market  valu- 
ation of  all  taxable  property. 


Redistributional  Consequences 

As  noted  in  the  methodology  section,  the  tax- 
shifting  effects  of  adopting  use  valuation  were 
measured  in  three  ways:  (1)  the  change  in  the  tax 
rate  required  to  maintain  revenue  stability,  (2)  the 
total  dollar  amount  of  taxes  shifted,  and  (3)  the 
percent  of  the  total  tax  burden  shifted.  Regardless 
of  the  measure  used,  the  results  of  the  analysis  indi- 
cate that  the  short-run  redistributional  effects  of 
the  state's  use  value  law  were,  for  the  most  part, 
minor.  Furthermore,  the  direction  of  the  tax-shift 
was,  in  most  cases,  from  the  owners  of  ineligible  and 
nonparticipating  properties  to  program  participants. 

Change  in  Tax  Rates. — Column  1  of  table  7  shows 
that  because  participating  lands  in  the  state  were 
assessed  on  the  basis  of  use  in  1978,  it  was  possible 
to  raise  desired  revenues  using  an  average  milling 
rate  of  .48  mills  less  than  the  rate  which  would  have 


been  required  with  market  valuation.  The  portions 
of  the  decrease  expressly  attributable  to  the  use 
assessment  of  forest,  agricultural,  and  marsh  lands 
were  .16  mills,  .20  mills,  and  .12  mills,  respectively. 
These  data  imply  that  any  person  with  ineligible 
property  assessed  at  $10,000  paid  $4.80  less  in  taxes 
as  a  result  of  the  new  valuation  basis.  On  the  average, 
$1.60  of  this  decrease  was  due  to  enrolled  forest 
lands,  $2.00  to  enrolled  agricultural  lands,  and  $1.20 
to  enrolled  marsh. 

Information  concerning  the  tax  rate  changes  oc- 
curring within  individual  parishes  is  summarized  in 
figure  7.  Of  the  36  parishes  where  the  changes  could 
be  estimated,  maintenance  of  revenue  stability  called 
for  lower  millage  rates  in  32  and  higher  rates  in 
four.  When  higher  rates  were  needed,  the  increase 
never  exceeded  2.0  mills.  When  lower  rates  were 
needed,  in  23  cases  the  decrease  was  2.0  mills  or 
less,  in  7  cases  it  was  between  2,0  and  4.0  mills,  and 
in  2  cases  it  exceeded  4.0  mills.  Reference  to  appendix 
table  8  shows  that  for  St.  Helena  Parish,  the  average 
tax  rate  had  to  decline  by  6.08  mills  in  order  to  keep 
revenues  constant  as  use  valuation  was  implemented. 
This  means  for  each  $10,000  of  assessed  valuation, 
the  tax  bills  of  ineligible  and  nonparticipating  prop- 
erty owners  in  this  parish  were  reduced  by  $60.80/ 
year. 

Amount  of  Taxes  Shifted. — Column  2  of  table  7 
indicates  that  in  1978  nonparticipating  property 
owners  in  Louisiana  paid  nearly  $4.0  million  less  in 
taxes  because  of  the  state's  use  value  program.  Since 
total  revenues  were  held  constant  during  the  analysis, 
it  is  appropriate  to  infer  this  tax  obligation  was  trans- 
ferred to  the  program's  participants.  Of  the  total 
tax-shift,  approximately  $1.3  million  was  due  to  the 
use  assessment  of  enrolled  forest  lands,  $1.6  million 
to  the  use  assessment  of  enrolled  agricultural  lands, 
and  $1.0  million  to  the  use  assessment  of  enrolled 
marsh. 


Table  7. — Alternative  measures  of  the  tax-shifting  attributable  to  adoption  of  use  valua- 
tion in  Louisiana,  1977  to  1978 


(1) 

(2) 

(3) 

Change  in 

Amount  of 

Percent  of  total 

Type 

tax  rate  required 

taxes  shifted 

tax  burden  shifted 

land 

because  of 

because  of 

because  of 

use  valuation 

use  valuation 

use  valuation 

mills 

dollars 

percent 

Forest 

-0.16 

-1,307,642 

-0.24 

Agricultural' 

-0.20 

-1.578,056 

-0.30 

Marsh 

-0.12 

-992,022 

-0.19 

Total 

-0.48 

-3,877,720 

-0.73 

'Includes  horticultural  land. 


17 


18 


I    I  PERCENT  CHANGE  IN  DETERM INANT  BECAUSE  OF  DATA  INSUFFICIENCIES 
['"^"^"'  ]  DECREASED  BY  >  0  PERCENT  BUT  <  2.5  PERCENT 
[^.'^  INCREASED  BY  >  0  PERCENT  BUT  <  2.5  PERCENT 


I    I  INCREASED  BY  >  2.5  PERCENT  BUT  <  5.0  PERCENT 

^^  INCREASED  BY  >  5.0  PERCENT  BUT  <  7.5  PERCENT 

I    I  INCREASED  BY  >  7.5  PERCENT  BUT  <  10.0  PERCENT 

W^  INCREASED  BY  >  10.0  PERCENT 


NO  ELIGIBLE  LAND 


Figure  6. — Percentage  change  in  total  property  tax  revenues  attributable  to  use  valuation  in  Louisiana  parishes, 
1978. 
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I I    CHANGE     INDETERMINANT    BECAUSE    OF    DATA    INSUFFICIENCIES 

[        I    DECREASED    BY   >   6.0    MILLS 


||ii|  DECREASED  BY  >  4.0  MILLS  BUT  <  6.0  MILLS 
DECREASED  BY  >  2.0  MILLS  BUT  <  4.0  MILLS 
DECREASED  BY  >  0.0  MILLS  BUT  <  2.0  MILLS 
INCREASED     BY   >  0.0    MILLS     BUT  <   2.0     MILLS 


rrr 


NO     ELIGIBLE     PROPERTY 


Figure  7. — Change  in  tax  rate  required  to  maintain  revenue  stability  given  use  valuation  in  Louisiana  parishes,  1977  to  1978. 
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Within  individual  parishes,  as  for  the  state-as-a- 
whole,  ineUgible  and  nonparticipating  property  own- 
ers generally  benefited  from  the  adoption  of  use 
valuation.  Of  those  parishes  for  which  quantitative 
estimates  could  be  developed,  figure  8  shows  in  32 
cases  nonparticipants  paid  fewer  taxes,  while  in  four 
they  paid  more.  Where  tax  savings  were  realized, 
in  16  instances  the  amount  saved  did  not  exceed 
$50,000/year,  in  5  it  was  between  $50,000  and 
$100,000/year,  in  another  5  it  ranged  from  $100,000 
to  $150,000/year,  in  3  it  varied  between  $150,000 
and  $200,000/year,  and  in  another  3  it  exceeded 
$200,000  annually.  Where  added  tax  obligations  were 
incurred,  in  no  case  were  ineligible  property  owners 
required  to  pay  over  $100,000  in  additional  taxes. 

Percent  of  Tax  Burden  Shifted. — In  absolute 
terms,  the  tax-shifts  noted  above  appear  to  be  sub- 
stantial, at  least  for  the  state  and  selected  parishes. 
However,  when  these  shifts  are  expressed  as  per- 
centages of  total  property  tax  collections,  it  becomes 
evident  that  the  redistributive  effects  of  the  state's 
use  value  law  were,  with  few  exceptions,  insignificant. 
From  a  statewide  perspective,  column  3  of  table  7 
shows  that  in  1978  the  use  assessment  of  all  enrolled 
lands  caused  the  proportion  of  the  total  property 
tax  load  borne  by  nonparticipants  to  decline  by  only 
.73  percent.  Of  this  total  shift,  .24  percent  was 
attributable  to  the  use  assessment  of  forest  land,  .30 
percent  to  the  use  assessment  of  agricultural  land, 
and  .19  percent  to  the  use  assessment  of  marsh. 

Consistent  with  the  preceding  findings,  of  the  36 
parishes  where  the  tax-shifts  were  quantifiable,  im- 
plementation of  use  valuation  caused  nonparticipants 
to  bear  a  higher  proportion  of  the  total  property  tax 
load  in  only  four  cases.  As  shown  in  figure  9,  in  none 
of  these  instances  did  the  tax  shift  exceed  2.5  percent 
of  all  tax  receipts.  In  the  remaining  32  parishes,  non- 
participants  collectively  bore  a  smaller  proportion 
of  the  total  tax  burden.  In  20  cases  the  tax  shift  was 
less  than  2.5  percent,  in  9  the  shift  was  between  2.5 
and  5.0  percent,  in  2  it  was  between  5.0  and  7.5 
percent,  and  in  1 — St.  Helena  Parish — it  exceeded 
7.5  but  not  10.0  percent. 


DISCUSSION 


Predictability  of  Study  Findings 

The  results  of  this  investigation  differ  substantially 
from  results  of  similar  studies  performed  in  other 
states.  One  unexpected  finding  was  the  extremely 
high  first  year  enrollment  level.  In  most  states  with 
optional  statutes,  participation  tends  to  increase 
gradually  for  a  few  years  following  authorization  of 
use  valuation.  To  illustrate,  4  years  after  passage  of 
the  enabling  legislation,  only  3.2  percent  of  all 
qualifying  lands  were  being  so  assessed  in  Tennessee 
(Hickman  1982).  The  time  needed  for  landowners  to 
learn  about  and  evaluate  a  new  law  makes  such  low 
initial  enrollments  normal.  The  principal  explanation 
for  the  high  participation  level  observed  in  Louisiana 
seems  to  be  that  local  tax  officials  have  administered 
the  state's  use  value  program  as  if  it  were  mandatory. 
Instead  of  waiting  for  applications,  assessors  have 
tended  to  automatically  extend  use  assessment  to 
qualifying  lands.  For  the  most  part,  this  behavior 
can  be  attributed  to  conflicting  expressions  of  legis- 
lative intent.  As  noted  earlier,  the  language  of  the 
state  constitution  implies  that  agricultural,  horticul- 
tural, marsh  and  timber  lands  shall  be  assessed  on 
the  basis  of  use.  At  the  same  time,  the  language  of 
Act  702,  which  describes  in  detail  how  the  state's  use 
value  program  is  to  operate,  makes  participation 
entirely  voluntary. 

A  second  unexpected  finding  was  that  use  valuation 
caused  the  assessments  and  taxes  of  participating 
property  owners  to  increase.  In  most  states,  adoption 
of  use  valuation  has  tended  to  lower  both  of  these 
variables,  sometimes  quite  dramatically.  Again  re- 
ferring to  the  situation  in  Tennessee,  data  show  that 
for  all  enrolled  properties,  average  assessments  and 
taxes  were  reduced  by  almost  50  percent  as  a  conse- 
quence of  switching  to  use  valuation  (Hickman 
1982).  Given  that  the  primary  goal  of  most  use  value 
statutes  is  to  encourage  the  retention  of  forest,  farm 
and  other  open  space  lands,  an  easing  of  the  tax 
pressure  being  exerted  on  such  lands  is  considered 
normal.  Indeed,  it  is  difficult  to  conceive  of  a  situa- 
tion where  use  assessment  would  cause  the  taxes 
of  enrolled  properties  to  increase.^  That  such  a  re- 
lationship was  observed  in  this  study  can  only  be 
explained  in  two  ways.'°  One  possibility  is  that  use 


To  conclude,  two  questions  are  addressed.  First, 
how  do  the  results  of  this  study  compare  with  those 
obtained  from  similar  studies  conducted  in  other 
states  and  how  can  differences,  if  any,  be  explained? 
Secondly,  what  are  the  implications  of  the  study 
results  for  those  concerned  with  Louisiana's  use  value 
law — i.e.  participating  property  owners,  ineligible  and 
nonparticipating  property  owners,  local  units  of  gov- 
ernment, and  the  state's  public  policy-makers? 


Hn  very  rural  countries,  market  value  and  use  value  should 
be  equal.  As  residential  and/or  commercial  development 
begins  to  occur — forest,  farm  and  marsh  lands  should  begin 
to  assume  market  values  which  exceed  their  use  values. 


lOThe  fact  that  98  percent  of  all  eligible  lands  are  enrolled, 
even  though  the  effect  of  such  enrollment  is  generally  to 
increase  the  amount  of  tax  due,  tends  to  confirm  the  sup- 
position that  parish  assessors  are  treating  the  law  as  man- 
datory. 
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I  I    AMOUNT    INDETERMIIMANIT    BECAUSE    OF     DATA    INSUFFICIENCIES 

I         I    DECREASED    BY  >    $200,000 

^^    DECREASED     BY>    $150,000     BUT   <    $200,000 

DECREASED    BY  >    $100,000     BUT  <    $150,000 

t;yv^.|    DECREASED     BY  >    $50,000     BUT<    $100,000 


\  M\    DECREASED     BY   >    $0     BUT    <    $50,000 
I         I    INCREASED      BY   >    $0     BUT   <    $50,000 


:;:::;:;:;:;::|    INCREASED     BY    >    $50,000     BUT<$IOO,000 
NO     ELIGIBLE    LAND 


Figure  8. — Amount  of  taxes  shifted  because  of  use  valuation  in  Louisiana  parishes,  1977  to  1978. 
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I I  PERCENTAGE  INDETERMIN ANT  BECAUSE  OF  DATA  INSUFFICIENCIES 

Y      ]    DECREASE  BY  >  7.5  PERCENT  BUT  <  10.0  PERCENT 

DECREASE  BY  >  5.0  PERCENT  BUT  <  7.5  PERCENT 

DECREASE  BY  >  2.5  PERCENT  BUT  <  5.0  PERCENT 

DECREASE  BY  >  0.0  PERCENT  BUT  <  2.5  PERCENT 

INCREASE  BY  >  0.0  PERCENT  BUT  <  2.5  PERCENT 

NO  ELIGIBLE  LAND 


:::::;:::;:;:! 

-'7-- 

^ 
^ 

1 

^ 

/s^y 

^^ 

Figure  9. — Percent  of  total  tax  burden  shifted  because  of  use  valuation  in  Louisiana  parishes,  1977  to  1978. 
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value  assessments  in  1978  tended  to  overstate  true 
use  values.  As  previously  noted,  there  is  little  evi- 
dence to  suggest  that  this  was  the  case.  In  general, 
the  use  value  figures  adopted  that  year  appear  to 
have  been  reasonable.  Furthermore,  they  were  based 
upon  sound  and  uniformly  applied  valuation  prin- 
ciples. The  second  possible  explanation,  more  plaus- 
ible, is  that  market  based  assessments  in  1977  gen- 
erally understated  true  market  values.  Facts  sup- 
porting this  latter  explanation  include  the  following: 
(1)  the  policies  that  governed  the  distribution  of 
state  funds  to  support  public  education  and  to  offset 
the  revenue  losses  attributable  to  the  homestead 
exemption  tended  to  encourage  underassessment,'^ 
and  (2)  prior  to  1978  the  state  exercised  little  or  no 
control  over  individual  parish  assessors. 

Two  final  unexpected  findings  pertain  to  the  tax 
revenue  and  tax-shifting  effects  of  adopting  use  valu- 
ation. Regarding  tax  revenues,  normally  use  value 
statutes  reduce  the  total  value  of  the  tax  base  and, 
unless  tax  rates  are  increased  accordingly,  cause  total 
tax  collections  to  decline.  Regarding  tax-shifting,  use 
value  statutes,  by  granting  preferential  tax  treatment 
to  one  group  of  property  owners,  usually  cause  the 
tax  obligations  of  all  other  groups  to  increase.  Both 
phenomena  were  observed  in  the  previously  men- 
tioned Tennessee  study.  In  that  investigation  it  was 
estimated  that  in  a  typical  county,  use  assessment 
caused  total  tax  receipts  to  decline  by  .78  percent 
and  nonparticipants  to  bear  collectively  an  additional 
.74  percent  of  the  total  tax  burden  (Hickman  1982). 
The  tax  revenue  and  tax-shifting  effects  observed 
in  Louisiana  run  counter  to  what  is  normally  ex- 
pected, but  are  entirely  consistent  with  the  other 
study  findings  both  in  direction  and  magnitude.  Con- 
cerning direction,  since  use  assessment  typically  in- 
creased rural  property  values  while  leaving  the  values 
of  all  other  properties  unchanged,  it  logically  follows 
that  at  any  given  millage  rate,  both  total  tax  col- 
lections and  the  proportion  of  the  total  tax  load 
borne  by  rural  property  owners  should,  as  they  actu- 
ally did,  increase.  Concerning  magnitude,  studies 
show  that  in  any  taxing  jurisdiction  the  tax  revenue 
and  tax-shifting  impacts  of  adopting  use  valuation 
are  primarily  a  function  of  two  variables: 

•  The  amounts  by  which  the  taxable  values  of 
participating  properties  are  changed.  In  general, 
the  smaller  these  amounts,  the  smaller  the  tax 
revenue  and  tax-shifting  impacts. 


•  The  proportion  of  the  total  tax  base,  as  mea- 
sured on  a  fair  market  value  basis,  which  is  in 
participating  property.  In  general,  the  tax  rev- 
enue and  tax-shifting  impacts  will  be  smallest 
when  the  proportion  of  the  tax  base  enrolled  is 
either  very  low  or  very  high.'^ 
Regarding  the  first  factor,  implemention  of  use  valu- 
ation in  Louisiana  generally  had  little  effect  on  rural 
land  assessments  and  taxes.  This  suggests  that  the 
observed  tax  revenue  and  tax-shifting  impacts  should 
have  been,  as  they  actually  were,  relatively  minor. 
Table  8  and  figure  10  indicate  that,  for  the  most 
part,  the  second  factor  operated  so  as  to  produce  the 
same  result.  The  former  shows  that  for  the  entire 
state,  participating  property  made  up  only  3.3  per- 
cent of  the  total  tax  base  in  1978.  The  latter  shows 
that  of  the  36  cases  where  the  desired  figures  could 
be  developed,  only  in  Franklin  Parish  did  the  pro- 
portion of  the  tax  base  enrolled  exceed  20  percent. 


Table  8. — Percentage  of  the  total  tax  base  in  Louisiana — as 
measured  on  a  market  value  basis — in  different 
types  of  participating  property,  1978 


Type  of 
land 


Percentage  of 
total  tax  base 


Forest 

Agricultural! 
Marsh 
Total 


percent 
1.06 
2.05 
0.19 
"3:30 


^Includes  horticultural  land. 


Implications  of  Study  Findings 

The  results  of  this  study  indicate  that,  generally, 
Louisiana's  rural  property  owners  derived  no  immedi- 
ate tax  benefits  from  implementation  of  the  state's 
use  value  program.  However,  if  these  findings  are  a 
consequence  of  rural  land  assessments  under  the  old 
market  based  valuation  system  failing  to  reflect  true 
market  values,  then  it  would  be  erroneous  to  con- 
clude that  such  owners,  who  generally  supported  the 
law  prior  to  its  enactment,  should  now  withdraw  that 


!'This  can  be  confirmed  by  referring  back  to  the  arguments 
presented  in  the  1969  court  case  which  prompted  revision  of 
the  state's  property  tax  system.  This  case  was  reviewed 
back  in  the  subsection  entitled  "Origins  of  Use  Valuation  in 
Louisiana." 


i2For  a  full  explanation  of  this  relationship,  the  reader  is 
referred  to  the  following  publication:  Keene,  J.C.,  et.  al. 
Untaxing  open  space:  an  evaluation  of  the  effectiveness  of 
differential  assessment  of  farms  and  open  space.  Washington, 
D.C.:    Council  of  Environmental  Quality;   1976.  401   p. 
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PERCENTAGE  INDETERMINANT  BECAUSE  OF  DATA  INSUFFICIENCIES 


>  0  PERCENT  BUT  <  10  PERCENT 


fM    >     10  PERCENT  BUT  <  20  PERCENT 


>  20  PERCENT  BUT  <  30  PERCENT 

>  30  PERCENT  BUT  <  40  PERCENT 
NO  ELIGIBLE  LAND 


Figure  10. — Percentage  of  total  tax  base  in  Louisiana  parishes — as  measured  on  a  market  value  basis — in  partici- 
pating property,  1978. 
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support.  Rural  landowners  originally  supported  use 
assessment  for  essentially  two  reasons.  First,  a  desire 
to  insure  that  future  tax  obligations  would  be  more 
predictable.  Secondly,  a  belief  that  rural  land  taxes 
would  increase  less  rapidly  under  use  than  under 
market  valuation.  At  the  present  time  it  seems  clear 
that  greater  predictability  has  been  achieved.  By 
law  forest,  farm  and  marsh  land  assessments  are  now 
set  within  narrowly  defined  limits  for  four  year  inter- 
vals. Furthermore,  when  assessment  adjustments  are 
made,  they  must  be  based  upon  actual  product  price, 
management  cost,  and/or  interest  rate  changes. 
There  is  also  some  evidence  indicating  that  rural  land 
use  values  may  be  increasing  less  rapidly  than  market 
values.'^  This  suggests  that  if  the  state's  use  value 
law  is  not  currently  working  to  the  advantage  of 
participating  property  owners,  it  probably  soon 
will  be. 

Nonparticipants,  ineligible  property  owners,  and 
local  units  of  government,  at  least  in  the  short-run, 
have  generally  benefited  from  the  adoption  of  use 
valuation.  The  first  two  groups  found  their  tax 
burdens  lowered.  The  latter  group  found  it  easier  to 
raise  required  operating  revenues.  However,  if  future 
rural  land  assessments  and  taxes  would  be  higher 
under  market  than  under  use  valuation,  then  all  of 
the  impacts  set-forth  in  this  investigation  will  change. 
The  owners  of  farm,  forest  and  other  open  space 
lands  will  begin  to  receive  tax  relief;  unless  millage 
rates  are  increased,  the  tax  revenues  accruing  to 
local  units  of  government  will  begin  to  decline;  and 
lastly,  ineligible  and  nonparticipating  property  own- 
ers will  begin  to  bear  a  greater  proportion  of  the 
total  tax  burden.  As  the  discrepancy  between  market 
and  use  values  increased,  so  would  the  magnitude  of 
these  impacts. 

Turning  finally  to  the  state's  public  policy  makers, 
the  results  of  the  study  point  to  two  actions  that 


i^In  1982,  the  Louisiana  Tax  Commission  released  its 
Twentieth  Biennial  Report  setting  forth  assessment  and 
tax  figures  for  the  years  1980  and  1981.  These  data,  along 
with  those  from  the  Nineteenth  Report,  show  that  between 
1978  and  1981  average  use  value  assessments  declined  for 
each  type  of  qualifying  property.  For  enrolled  agricultural 
(including  horticultural)  lands  the  decline  was  $1.07/acre, 
or  4.23  percent:  for  enrolled  timber  lands  the  decline  was 
$0.44/acre,  or  4.91  percent;  and  for  enrolled  marsh  lands 
the  decline  was  $2.23/acre,  or  29.80  percent.  By  contrast, 
the  average  assessments  for  those  properties  classified  as 
"miscellaneous  agricultural  lands"  or  "miscellaneous  timber 
lands",  which  by  law  are  supposed  to  be  based  upon  market 
value,  increased  during  this  same  period.  For  the  former  the 
increase  was  $24.48/acre,  or  20.95  percent.  For  the  latter 
the  increase  was  $0.28 /acre,  or  0.67  percent.  No  comparable 
market  value  assessment  figures  were  available  for  marsh 
lands. 


definitely  deserve  consideration.  These  actions  are: 

•  Resolution  of  the  existing  confusion  over  whether 
use  valuation  of  Louisiana's  rural  lands  is  in- 
tended to  be  mandatory  or  optional.  Only 
through  such  clarification  can  property  owners 
and  parish  assessors  be  made  fully  aware  of  their 
responsibilities  under  the  law.  Failure  to  settle 
this  issue  could  possibly  leave  the  state's  use 
value  program  open  to  some  form  of  legal  chal- 
lenge. 

•  Initiation  of  the  requirement  that  parish  as- 
sesors  retain  two  sets  of  assessment  records,  one 
showing  use  values  and  the  other  showing  mar- 
ket values.  While  the  collection  of  such  infor- 
mation would  add  to  administrative  burdens 
and  costs,  it  is  only  in  this  manner  that  the  data 
needed  to  assign  benefits  and  costs  and  to 
quantify  the  tax  revenue  and  tax-shifting  effects 
of  a  use  value  program  can  be  obtained. 

In  addition  to  the  preceding  actions,  if  future 
analyses  should  show  that  extensive  use  of  the  state's 
use  value  program  is  causing  the  tax  burden  on 
ineligible  and  nonparticipating  property  owners  to 
increase  markedly,  or  is  making  it  difficult  for  local 
governments  to  raise  sufficient  operating  revenues, 
public  policy-makers  might  have  to  consider  still 
other  changes  in  the  enabling  legislation.  Experiences 
of  other  states  suggest  that  the  required  changes 
could  well  include  the  following: 

•  Initiation  of  the  requirement  that  participating 
landowners  be  subject  to  a  penalty  charge  when- 
ever they  develop  a  property,  or  sell  one  for 
development.  While  this  penalty  might  take  any 
of  several  forms,  the  most  common  approach  has 
been  to  employ  a  so-called  "rollback  tax."  This 
charge  equals,  for  some  specified  number  of 
years  not  exceeding  the  entire  period  of  enroll- 
ment, the  difference  between  the  taxes  actually 
paid  given  use  valuation  and  the  taxes  that 
would  have  been  paid  given  market  valuation.'* 
The  rationale  for  such  a  penalty  is  not  that  it 
discourages  development,  but  that  it  promotes 
taxpayer  equity.  The  principal  idea  is  that  since 
use  value  programs  grant  tax  concessions  to 
rural  property  owners  as  an  inducement  to  re- 
tain such  lands  in  their  traditional  uses,  and 
since  these  concessions  impose  certain  costs  on 
society  in  terms  of  reducing  total  tax  revenues 
and/or  redistributing  the  total  tax  load,  it  is 
only  fair  that  society  should  be  able  to  recoup 
its  costs  when  the  lands  in  question  are  de- 
veloped. 


"■•Louisiana's  use  value  statute  formerly  included  a  4-year 
rollback  tax,  but  this  provision  was  dropped  in  1979. 
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•  Initiation  of  a  system  of  state  "subvention  pay- 
ments" to  compensate  local  governments  for  at 
least  some  of  the  revenues  lost  as  a  result  of 
extending  use  valuation  of  agricultural,  horti- 
cultural, marsh  and  timber  lands.  Once  again, 
the  principal  justification  for  this  provision 
would  be  to  improve  taxpayer  equity.  As  noted 
earlier,  use  assessment  programs  are  based  on 
the  premise  that  they  lead  to  important  public 
benefits  such  as  greater  assurance  of  sufficient 
food  and  fiber,  increased  outdoor  recreation  op- 
portunities, and  improved  air  and  water  quality. 
Assuming  this  premise  is  true,  it  only  seems  fair 
that  the  costs  of  obtaining  these  benefits  should 
be  broadly  distributed,  and  not  borne  solely  by 
the  ineligible  property  owners  in  those  local  tax- 
ing jurisdictions  where  the  qualifying  lands 
happen  to  be  located.  Through  a  system  of  "sub- 
vention payments,"  the  costs  of  offering  use 
valuation  would  be  distributed  over  all  tax- 
payers in  the  state. 


LITERATURE  CITED 

Anon.  Louisiana  Revised  Statutes.  Title  47.  Sections 
2301  and  2307. 

Atkinson,  G.W.  The  effectiveness  of  differential  as- 
sessment of  agricultural  and  open  space  land. 
Amer.  J.  of  Economics  and  Sociology,  36(2) :  197- 
204; 1977. 

Coughlin,  R.E.;  Berry  D.;  Plaut,  T.  Differential 
assessment  of  real  property  as  an  incentive  to  open 
space  preservation  and  farmland  retention.  Natl. 
Tax  J.  31(2): 165-179;  1978. 


Dunford,  R.W.  A  survey  of  property  tax  relief  pro- 
grams for  the  retention  of  agricultural  and  open 
space  lands.  Gonzaga  Law  Rev.   15(3) : 675-699. 

Gloudemans,  R.J.  Use  value  farmland  assessments: 
theory,  practice  and  impact.  Chicago,  IL:  Inter- 
national Assn.  of  Assessing  Officers;   1974.  73  p. 

Hickman,  C.A.  Property  tax  impacts  of  current-use 
assessment  of  forest  and  other  rural  land  in  Ten- 
nessee. Res.  Pap.  SO-180.  New  Orleans.  LA:  U.S. 
Department  of  Agriculture,  Forest  Service,  South- 
ern Forest  Experiment  Station;  1982.  17  p. 

Keene,  J.C.;  Berry  D.;  Coughlin,  R.E.;  Farnum  J.; 
Kelley,  E.;  Plaut,  T.;  Strong,  A.L.  Untaxing  open 
space:  an  evaluation  of  the  effectiveness  of  differ- 
ential assessment  of  farms  and  open  space.  Wash- 
ington, D.C.:  Council  on  Environmental  Quality; 
1976.  401  p. 

Kerr,  E.  Equitable  timber  taxes  for  Louisiana  land- 
owners. Forests  and  People.  29(3)  :7,  36-39;  1979. 

Louisiana  Tax  Commission.  First  biennial  report  of 
the  Louisiana  Tax  Commission  for  the  years  1940- 
1941.  Baton  Rouge,  LA:  1942.  254  p. 

Louisiana  Tax  Commission.  Seventh  biennial  report 
of  the  Louisiana  Tax  Commission  for  the  years 
1954-1955.  Baton  Rouge,  LA:    1956.  323  p. 

Louisiana  Tax  Commission.  Eighteenth  biennial  re- 
port of  the  Louisiana  Tax  Commission  for  the 
years  1976-1977.  Baton  Rouge,  LA:  1978.  185  p. 

Louisiana  Tax  Commission.  Nineteenth  biennial  re- 
port of  the  Louisiana  Tax  Commission  for  the 
years  1978-1979.  Baton  Rouge,  LA:  1980.  177  p. 

Malone,  C.J.;  Ayesh,  M.  Comprehensive  land  use  con- 
trol through  differential  assessment  and  supple- 
mental regulation.  Washburn  Law  J.  18:432-473. 

St.  Clergy,  C.  Louisiana  property  tax  under  the  new 
constitution.  In:  Proceedings  of  the  25th  Annual 
LSU  Forestry  Symposium;  Baton  Rouge,  LA; 
School  of  For.  and  Wildlife  Mgmt.,  Louisiana  State 
Univ.;  1976:  145-154. 


26 


Appendix  Tables 


27 


Table  1. — Extent  of  adoption  of  use  valuation  in  Louisiana  parishes,  1978 


Amount 

of  land 

Proportion  of  a 

11  eligible  land 

Parish 

assessed  at 

use  value 

assessed  at 

use  value 

Forest 

Agric. 

Marsh 

Total 

Forest 

Agric. 

Marsh 

Total 

T^/^  f/''/J  r 

flt/  ca 

fJt  1  Lt  fi 

ltQ§€ "■  —  ~ 

At-adia 

38,283 

307,856 

346,139 

100.0 

86.4 

87.8 

Allen 

295.135 

113,779 

408,914 

99.6 

94.7 

98.2 

Ascension 

84.975 

88,120 

6 

173,101 

100.0 

100.0 

100.0 

100.0 

Assumption 

143,994 

79,375 

223,369 

100.0 

96.7 

98.8 

Avoyelles 

177,721 

244,888 

23,723 

446,332 

90.2 

88.8 

100.0 

89.8 

Beauregard 

446.325 

96.225 

330 

542,880 

71.5 

100.0 

100.0 

75.3 

Bienville 

457,570 

44.971 

502.541 

98.3 

100.0 

98.5 

Bossier 

199.461 

73,137 

13,672 

286.270 

100.0 

100.0 

100.0 

100.0 

Caddo 

155,636 

163.722 

5.178 

324.536 

100.0 

100.0 

100.0 

100.0 

Calcasieu 

188,170 

296.728 

50.151 

535.049 

100.0 

100.0 

100.0 

100.0 

Caldwell 

255,247 

41.344 

11,411 

308.002 

100.0 

87.2 

100.0 

98.1 

Cameron 

103.009 

580,486 

683,495 

100.0 

100.0 

100.0 

Catahoula 

179,278 

218,454 

37,053 

434.785 

100.0 

99.7 

100.0 

99.8 

Claiborne 

378,268 

61.873 

440.141 

100.0 

100.0 

100.0 

Concordia 

120.511 

223,602 

30.109 

374,222 

100.0 

98.3 

100.0 

99.0 

Desoto 

403.543 

128.951 

3,002 

535,496 

100.0 

100.0 

100.0 

100.0 

E.  Balton  Rouge 

E.  Carroll 

52.671 

198,811 

4,739 

256,221 

100.0 

100.0 

100.0 

100.0 

E.  Feliciana 

160,024 

108,243 

268,267 

100.0 

100.0 

100.0 

Evangeline 

185.460 

220,957 

4,791 

411,208 

100.0 

100.0 

100.0 

100.0 

Franklin 

99.269 

282,446 

5.847 

387,562 

100.0 

100.0 

100.0 

100.0 

Grant 

205,147 

41,170 

7,076 

253,393 

100.0 

82.9 

100.0 

96.7 

Iberia 

88,049 

108,989 

66.820 

263.858 

100.0 

92.3 

100.0 

96.7 

Iberville 

277,370 

88,364 

365,734 

100.0 

87.3 

96.6 

Jackson 

337.773 

19,725 

357,498 

100.0 

100.0 

100.0 

Jefferson 

99.343 

99.343 

100.0 

100.0 

Jefferson  Davis 

54,668 

320.577 

5,664 

380,E09 

100.0 

93.0 

100.0 

94.0 

Lafayette 

121,561 

121,561 

100.0 

100.0 

Lafourche 

75,892 

142,864 

514,379 

733,135 

100.0 

100.0 

100.0 

100.0 

LaSalle 

316,570 

14.954 

995 

332,519 

100.0 

100.0 

100.0 

100.0 

Lincoln 

233,786 

31.623 

265,409 

100.0 

100.0 

100.0 

Livingston 

323,859 

35.010 

21,585 

380,454 

100.0 

100.0 

100.0 

100.0 

Madison 

128,481 

229,449 

30,252 

388,182 

100.0 

99.9 

100.0 

99.9 

Morehouse 

171.704 

285,483 

23.228 

480,415 

99.5 

97.2 

100.0 

98.1 

Natchitoches 

418,269 

205.732 

14.275 

638,276 

100.0 

99.6 

100.0 

99.9 

Orleans 

Ouachita 

218.770 

93.553 

9.010 

321,333 

100.0 

100.0 

100.0 

100.0 

Plaquemines 

10.628 

518.889 

529,517 

.... 

100.0 

100.0 

100.0 

Pointe  Coupee 

103.678 

157.894 

261.572 

100.0 

100.0 

100.0 

Rapides 

381.197 

140.718 

91 

522,006 

100.0 

99.9 

100.0 

100.0 

Red  River 

121,275 

98.340 

11,129 

230.744 

100.0 

90.5 

100.0 

95.7 

Richland 

64.324 

237,580 

36,218 

338.122 

99.7 

99.3 

100.0 

99.4 

Sabine 

469.467 

36,162 

505,629 

100.0 

100.0 

100.0 

St.  Bernard 

1,569 

316.060 

317,629 

.... 

100.0 

100.0 

100.0 

St.  Charles 

17,895 

74,226 

92,121 

.... 

100.0 

100.0 

100.0 

St.  Helena 

201,267 

51,694 

252,961 

100.0 

91.0 

100.0 

98.0 

St.  James 

85.636 

56.324 

141,960 

100.0 

100.0 

100.0 

St.  John 

16.921 

16.921 

.... 

100.0 

.... 

100.0 

St.  Landry 

321.861 

321.861 

.... 

100.0 

100.0 

St.  Martin 

332,969 

121,231 

454,200 

100.0 

100.0 

100.0 

St.  Mary 

73.333 

82,481 

216.116 

371,930 

100.0 

100.0 

100.0 

100.0 

St.  Tammany 

283.040 

60,C09 

69.843 

413.792 

100.0 

100.0 

100.0 

100.0 

Tangipahoa 

298.583 

96,637 

53,702 

448,922 

100.0 

100.0 

100.0 

100.0 

Tensas 

160,114 

209,996 

8,172 

378,282 

100.0 

99.8 

100.0 

99.9 

Terrebonne 

90,264 

35.882 

851,288 

977,434 

100.0 

58.3 

100.0 

97.4 

Union 

481,391 

49,126 

530.517 

100.0 

100.0 

— 

100.0 
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Table  1. — Extent  of  adoption  of  use  valuation  in  Louisiana  parishes,  1978 — Continued 


Amoun 

t  of  land 

Proportion 

of  a 

11  eligible  land 

Parish 

assessed  a 

it  use  value 

assessed  at 

use  value 

Forest 

Agric. 

Marsh 

Total 

Forest 

Agric. 

Marsh 

Total 

rcen 

pp 

'tage 

Vermilion 

23,P55 

349,280 

318,874 

692,109 

100.0 

100.0 

100.0 

100.0 

Vernon 

610,663 

36,605 

647,238 

100.0 

100.0 

100.0 

Washington 

296,147 

97,999 

394,146 

100.0 

100.0 

100.0 

Webster 

233,043 

68,917 

20,667 

322,627 

100.0 

100.0 

100.0 

100.0 

W.  Baton  Rouge 

52,910 

41,048 

93,958 

100.0 

100.0 



100.0 

W.  Carroll 

34,288 

188,371 

222,659 

100.0 

98.3 

98.6 

W.  Feliciana 

154,300 

57,100 

16,519 

227,919 

100.0 

100.0 

100.0 

100.0 

Winn 

464,595 

18,178 

482,773 

100.0 

69.9 

98.4 

Statewide 

11,888,288 

7,496,891 

4,074,919 

23,460,098 

98.3 

97.2 

100.0 

98.2 

Table  2. — Analysis  of  the  effects  of  use  valuation  on  average  per  acre  assessments  in  Louisiana  parishes,  1977  to  1978^ 


Parish 


Average  fair  market 
value  assessments 


Average  current  use 
value  assessments 


Change  in  avg.  assessments 
due  to  use  valuation 


Forest     Agric.     Marsh     Total     Forest     Agric.     Marsh     Total  Forest  Agric.  Marsh  Total 

$/acre 

32.93  +  0.05  +  8.27        +  7.36 

13.61  +  3.14  +  9.77        +  4.98 

6.67       57.26  +19.06  +36.94  +    1.65  +28.17 

....        12.47  *  *  -  2.41         ♦  * 

5.86       18.65  +   1.80  -  3.72  +  4.24  -  1.10 

6.00       12.73  +  4.31  +14.23  ♦*               ** 

8.81  +0.59  +12.04        +   1.61 

4.60       10.91  +  0.14  +   1.72  -  0.61  +  0.51 

6.00       15.90             *  *  -  1.75  *  *               *  * 

6.09       18.20  +  4.40  +10.48  -16.95  +  5.76 

6.00       10.25  +   0.37  +10.20  +  0.77  +   1.71 

5.74         8.06         +  8.20  +  2.96  +   3.75 

6.00  13.27  +    1.49  +   1.47  *  ♦               *  * 
8.69             *  *  +  9.59        ♦  ♦ 

6.01  17.88  +   5.18  +10.26  **               ♦* 
5.00       10.15  +  0.79  +  8.84  *  ♦               *  ♦ 

**               **  ♦♦               ♦♦ 

6.00       19.68  -  1.11  +  4.16  +  0.97  +   3.02 

13.30  +  3.74  +10.18  *  *               •  ♦ 

6.00       16.71  +   3.52  +    1.52  *  *               *  ♦ 

6.07       20.02  +   0.37  +    1.05  +   1.25  +  0.88 

3.20       10.66  +    1.31  +  3.19  +    1.15  +    1.61 

5.11       15.34  +  2.65  -  0.34  +    1.51  +   1.13 

11.68  +  3.07  -  3.82        +   1.40 

8.60  +    1.05  +  7.25        +   1.39 

94.23       94.23  +87.05  +87.05 

5.97       22.03         -  7.07  -  3.89  -  6.18  -  4.08 

26.30  *  ♦  -  8.79        ♦  * 

6.13         9.11  -  2.57  -  2.15  +   1.71  +   0.51 

5.67         9.10  +    1,68  +   6.48  *  ♦               *  ♦ 

8.80  **  +10.18        ♦• 

6.07       13.36  +4.37  +12.86  ♦♦               •♦ 


Acadia 

15.24 

26.86 

25.57 

15.29 

35.13 

Allen 

7.03 

12.77 

8.63 

10.17 

22.54 

Ascension 

9.72 

47.78 

5.02 

29.09 

28.78 

84.72 

Assumption 

26.63 

*  * 

6.00 

24.22 

Avoyelles 

5.99 

31.50 

1.62 

19.75 

7.79 

27.78 

Beauregard 

5.90 

9.72 

♦  * 

10.21 

23.95 

Bienville 

7.14 

7.76 

7.20 

7.73 

19.80 

Bossier 

8.00 

17.91 

5.21 

10.40 

8.14 

19.63 

Caddo 

25.47 

*  * 

8.00 

23.72 

Calcasieu 

5.47 

15.06 

23.04 

12.44 

9.87 

25.54 

Caldwell 

7.50 

15.84 

5.23 

8.54 

7.87 

26.04 

Cameron 

12.90 

2.78 

4.31 

21.10 

Catahoula 

6.38 

17.50 

*  * 

7.84 

18.97 

Claiborne 

9.39 

*  * 

7.00 

18.98 

Concordia 

4.06 

13.87 

*  * 

9.24 

24.13 

Desoto 

6.91 

9.12 

*  * 

7.70 

17.96 

E.  Baton  Rouge 

12.21 

65.07 

22.91 

*  * 

E.  Carroll 

7.46 

19.38 

5.03 

16.66 

6.35 

23.54 

E.  Feliciana 

4.33 

10.84 

3.41 

*  * 

8.07 

21.02 

Evangeline 

6.13 

21.37 

*  * 

9.65 

22.89 

Franklin 

9.58 

22.80 

4.82 

19.14 

9.95 

23.85 

Grant 

6.93 

20.84 

2.05 

9.05 

8.24 

24.03 

Iberia 

2.93 

29.83 

3.60 

14.21 

5.58 

29.49 

Iberville 

3.21 

32.47 

10.28 

6.28 

28.65 

Jackson 

7.13 

8.64 

7.21 

8.18 

15.89 

Jefferson 

7.18 

7.18 

Jefferson  Davis 

16.21 

28.04 

12.15 

26.11 

9.14 

24.51 

Lafayette 

10.87 

35.09 

*  * 

26.30 

Lafourche 

7.70 

24.12 

4.42 

8.60 

5.13 

21.97 

LaSalle 

7.02 

11.29 

.+  * 

8.70 

17.77 

Lincoln 

7.94 

*  * 

7.54 

18.12 

Livingston 

7.60 

17.90 

*  * 

11.97 

30.76 
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Table  2. — Analysis  of  the  effects  of  use  valuation  on  average  per  acre  assessments  in  Louisiana  parishes,  1977  to  1978- 
Continued^ 


Average  fair  market 

Average  current  use 

Change  in  avg 

.  assessments 

Parish 

value  assessments 

value  assessments 

due  to  use 

valuation 

Forest 

Agric. 

Marsh 

Total 

Forest 

Agric. 

Marsh 

Total 

Forest 

Agric. 

Marsh 

Total 

10.03 

18.16 

*  * 

10.19 

23.37 

-  $/acre . 
6.07 

Madison 

17.60 

+ 

0.16 

+  5.11 

♦  * 

*  * 

Morehouse 

5.06 

18.14 

3.35 

12.75 

9.31 

27.27 

6.00 

19.82 

+ 

4.25 

+  9.13 

+ 

2.65 

+   7.07 

Natchitoches 

7.74 

20.14 

4.63 

11.67 

8.28 

26.91 

6.33 

14.24 

+ 

0.54 

+   9.77 

+ 

1.70 

+  2.57 

Orleans 

20.11 

31.94 

9.05 

23.24 

23.96 

31.38 

5.72 

25.61 

-  0.56 

Ouachita 

+ 

3.85 



3.33 

+  2.37 

Plaquemines 

134.05 

31.08 

3.35 

*  * 

24.44 

5.14 

5.53 

*  * 

-  6.64 

+ 

1.79 

*  * 

Pointe  Coupee 

6.49 
7.34 

38.60 
21.64 

25.87 

*  * 

9.94 
8.64 

29.01 
28.10 

5.08 

21.45 
13.88 

+ 
+ 

3.45 
1.30 

-  9.59 
+  6.46 

-  4  42 

Rapides 

*  * 

*  * 

Red  River 

8.44 

20.71 

4.90 

13.50 

9.58 

22.45 

6.01 

14.89 

+ 

1.14 

+   1.74 

+ 

1.11 

+   1.39 

Richland 

18.80 

3.05 

*  * 

9.73 

23.79 

6.01 

19.21 

*  * 

+  4.99 

+ 

2.96 

♦  ♦ 

Sabine 

7.00 

8.21 

7.09 

7.52 

16.44 

8.16 

+ 

0,52 

+  8.23 

+   1.07 

St.  Bernard 

13.99 

76.12 

2.31 

*  * 

40.00 

5.01 

5.18 

♦  ♦ 

-36.12 

+ 

2.70 

•  * 

St.  Charles 

77.80 

37.70 

11.10 

*  * 

17.81 

6.32 

8.55 

*  * 

-19.89 

— 

4.78 

*  * 

St.  Helena 

5.42 

9.77 

6.31 

9.59 

28.15 

13.38 

+ 

4.17 

+  18.38 

*  * 

+   7.07 

St.  James 

10.00 
4.17 

43.97 
40.19 
25.02 

*  * 

*  * 

*  * 

5.08 

30.83 
29.66 
26.86 

15.30 
29.66 
26.86 

*  * 

*  * 

*  * 

-13.14 
-10.53 
+   1.84 

*  * 

St.  John 

*  • 

St.  Landry 

*  * 

St.  Martin 

20.67 

1.99 

*  * 

7.02 

24.45 

11.67 

*  * 

+  3.78 

♦  * 

•  « 

St.  Mary 

27.31 

3.56 

*  * 

5.20 

25.75 

5.00 

9.64 

♦  * 

-  1.56 

+ 

1.44 

*  * 

St.  Tammany 

10.91 

13.22 

5.93 

10.41 

10.53 

21.96 

5.52 

11.37 

— 

0.38 

+   8.74 

— 

0.41 

+  0.96 

Tangipahoa 

6.05 

22.10 

5.01 

9.38 

9.92 

22.29 

6.00 

12.11 

+ 

3.87 

+  0.19 

+ 

0.99 

+  2.73 

Tensas 

6.82 

17.78 

*  * 

8.90 

23.22 

6.27 

16.79 

+ 

2.08 

+   5.44 

*  * 

♦  ♦ 

Terrebonne 

2.47 

30.77 

3.16 

4.11 

7.92 

31.15 

5.00 

6.23 

+ 

5.45 

+  0.38 

+ 

1.84 

+  2.12 

Union 

5.04 

7.29 

5.25 

8.30 

17.01 

9.10 

+ 

3';>6 

+  9.72 

+  3.85 

Vermilion 

7.95 

16.73 

3.55 

10.35 

5.79 

23.22 

5.55 

14.48 

2.16 

+  6.49 

+ 

2.00 

+  4.13 

Vernon 

7.16 

7.74 

12.17 
12.84 

7.44 
9.01 

8.78 
10.24 

19.65 
21.30 

9.40 
12.99 

+ 
+ 

1.62 
2  50 

+   7.48 
+  8.46 

+   1.96 
+  3.98 

Washington 

Webster 

6.48 

8.67 

4.74 

6.84 

6.52 

13.29 

4.84 

7.86 

+ 

0.04 

+  4.62 

+ 

0.10 

+   1.02 

W.  Baton  Rouge 

10.00 

50.87 

27.86 

10.00 

30.60 

19.00 

0  00 

-20.27 

-  8.86 

W   Carroll 

6.93 
5.36 

20.67 
10.97 

18.55 

+  * 

10.06 
10.10 

22.55 
20.35 

5.08 

20.62 
12.31 

+ 

+ 

3.13 

4.74 

+   1.88 
+  9.38 

+  2.07 

*  « 

W.  Feliciana 

♦  * 

Winn 

7.06 

12.40 

7.26 

8.60 

18.43 

8.97 

+ 

1.54 

+  6.03 

+   1.71 

Statewide 

7.21 

21.98 

3.74 

11.33 

8.97 

25.30 

7.61 

13.95 

+ 

1.76 

+   3.32 

+ 

3.87 

+  2.62 

1  *  *  Indicates  no  estimate  possible  because  of  lack  of  comparable  market  value  (1977)  and  use  value  (1978)  assessment  data. 
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Table  3. — Average  millage  rates  for  Louisiana  parishes,  1978 


Parish 


Average 

millage 

rate 


Parish 


Average 

millage 

rate 


mills 

mills 

Acadia 

46.97 

Madison 

53.68 

Allen 

71.56 

Morehouse 

47.92 

Ascension 

43.56 

Natchitoches 

81.30 

Assumption 

36.40 

Orleans 

97.53 

Avoyelles 

46.13 

Ouachita 

49.74 

Beauregard 

68.63 

Plaquemines 

22.45 

Bienville 

61.89 

Pointe  Coujjee 

24.39 

Bossier 

48.29 

Rapides 

81.08 

Caddo 

57.70 

Red  River 

37.40 

Calcasieu 

76.22 

Richland 

75.19 

Caldwell 

10251 

Sabine 

68.97 

Cameron 

60.78 

St.  Bernard 

91.24 

Catahoula 

69.56 

St.  Charles 

64.26 

Claiborne 

40.75 

St.  Helena 

56.55 

Concordia 

53.15 

St.  James 

60.89 

Desoto 

24.25 

St.  John 

88.68 

E.  Baton  Rouge 

55.04 

St.  Landry 

32.46 

E.  Carroll 

42.49 

St.  Martin 

69.45 

E.  Feliciana 

20.09 

St.  Mary 

49.27 

Evangeline 

35.04 

St.  Tammany 

65.60 

Franklin 

71.87 

Tangipahoa 

61.47 

Grant 

89.79 

Tensas 

55.65 

Iberia 

54.11 

Terrebonne 

78.87 

Iberville 

34.81 

LInion 

40.86 

Jackson 

72.37 

Vermilion 

52.61 

Jefferson 

77.74 

Vernon 

70.63 

Jefferson  Davis 

47.29 

Washington 

66.96 

Lafayette 

40.24 

Webster 

50.97 

Lafourche 

73.69 

W.  Baton  Rouge 

65.25 

LaSalle 

74.87 

W.  Carroll] 

52.37 

Lincoln 

39.74 

W.  Feliciana 

39.93 

Livingston 

93.24 

Winn 

Statewide 

63.69 

64.40 

Q1 


Table  4. — Analysis  of  the  effect  of  use  valuation  on  average  per  acre  taxes  in  Louisiana  parishes,  1977  to  1978^ 


Average  fair  ma 

rket 

A' 

I'erage  current  use 

Change  in  average  taxes 

Parish 

va 

ue  taxes 

value 

taxes 

due  to  use 

valuation 

Forest 

Agric. 

Marsh 

Total 

Forest 

Agric. 

Marsh 

Total 

Forest 

Agric. 

Marsh 

Total 

--  ^  I nrro- 

Acadia 

0.72 

1.26 

1.20 

0.73 

1.65 

tp  1  ULf  c 

1.55 

+  0.01 

+  0.39 

+  0.35 

Allen 

0  50 

0.91 

0.62 

0.73 

1.61 

0.97 

+  0.23 

+  0.70 

+  0.35 

Ascension 

0.42 

2.08 

0.22 

1.27 

1.25 

3.69 

0.29 

2.49 

+  0.83 

+  1.61 

+  0.07 

+  1.22 

Assumption 

0.97 

*  * 

0.22 

0.88 

0.45 

*  * 

-0.09 

♦  * 

Avoyelles 

0.28 

1.45 

0.08 

0.91 

0.36 

1.28 

0.27 

0.86 

+  0.08 

-0.17 

+  0.19 

-0.05 

Beauregard 

0.40 

0.67 

*  * 

0.70 

1.64 

0.41 

0.87 

+  0.30 

+  0.97 

*  * 

*  * 

Bienville 

0.44 

0.48 

0.45 

0.48 

1.22 

0.54 

+  0.04 

+  0  74 

+  0  09 

Bossier 

0.39 

0.86 

0.25 

0.50 

0.40 

0.95 

0.22 

0.52 

+  0.01 

+  0.09 

-0.03 

+  0.02 

Caddo 

1.47 

*  * 

0.46 

1.37 

0.35 

0.92 

*  * 

-0.10 

*  * 

*  ♦ 

Calcasieu 

0.42 

1.15 

1.76 

0.95 

0.75 

1.95 

0.46 

1.39 

+  0.33 

+  0.80 

-1.30 

+  0.44 

Caldwell 

0.77 

1.62 

0.54 

0.88 

0.81 

2.67 

0.62 

1.05 

+  0.04 

+  1.05 

+  0.08 

+  0.17 

Cameron 

0.78 

0.17 

0.26 

1.28 

0.35 

0.49 

+  0.50 

+  0.18 

+  0.23 

Catahoula 

0.44 

1.22 

*  * 

0.54 

1.32 

0.42 

0.92 

+  0.10 

+  0.10 

*  ♦ 

*  * 

Claiborne 

0.38 

*  * 

0.28 

0.77 

0.35 

*    * 

+  0  39 

♦  * 

Concordia 

0.22 

0.74 

*  * 

0.49 

1.28 

0.32 

0.95 

+  0.27 

+  0.54 

♦  * 

*  * 

Desoto 

0.17 

0.22 

*  * 

0.19 

0.44 

0.12 

0.25 

+  0.02 

+  0.22 

*  ♦ 

*  * 

E.  Baton  Rouge 

0.67 

3.58 

1.26 

*  * 

*  * 

*  * 

*  * 

*  ♦ 

E.  Carroll 

0.32 

0.82 

0.21 

0.71 

0.27 

1.00 

0.26 

0.84 

-0.05 

+  0.18 

+  0.05 

+  0.13 

E.  Feliciana 

0.09 

0.22 

0.07 

*  * 

0.16 

0.42 

0.27 

+  0.07 

+  0.20 

*  ♦ 

*  * 

Evangeline 

0.22 

0.75 

*  * 

0.34 

0.80 

0.21 

0.59 

+  0.12 

+  0.03 

♦  * 

*  * 

Franklin 

0.69 

1.64 

0.35 

1.38 

0.72 

1.71 

0.44 

1.44 

+  0.03 

+  0.07 

+  0.09 

+  0.06 

Grant 

0.62 

1.87 

0.18 

0.81 

0.74 

2.16 

0.29 

0.96 

+  0  12 

+  0  29 

+  0.11 

+  0.15 

Iberia 

0.16 

1.61 

0.20 

0.77 

0.30 

1.60 

0.27 

0.83 

+  0.14 

-0.01 

+  0.07 

+  0.06 

Iberville 

0.12 

1.13 

0.36 

0.22 

1.00 

0.41 

+  0.10 

-0.13 

+  0.05 

Jackson 

0.52 

0.62 

0.52 

0.59 

1.15 

0.62 

+  0.07 

+  0.53 

+  0.10 

Jefferson 

0.56 

0.56 

7.32 

7.32 

+  6.76 

+  6.76 

Jefferson  Davis 

0.77 

1.33 

0.58 

1.24 

0.43 

1.16 

0.28 

1.04 

-0.34 

-0.17 

-0.30 

-0.20 

Lafayette 

0.44 

1.41 

*  * 

1.06 

1.06 

*  + 

-0.35 

♦  * 

Lafourche 

0.57 

1.78 

0.33 

0  63 

0.38 

1.62 

0.45 

0.67 

-0.19 

-0  16 

+  0.12 

+  0.04 

LaSalle 

0.53 

0.84 

*  * 

0.65 

1.33 

0.42 

0.68 

+  0.12 

+  0.49 

*  * 

*  ♦ 

Lincoln 

0.32 

*  * 

0.30 

0.72 

0.35 

*  * 

+  0.40 

*  * 

Livingston 

0.71 

1.67 

*  * 

1.12 

2.87 

0  57 

1.25 

+  0.41 

+  1.20 

*  ♦ 

*  * 

Madison 

0.54 

0.98 

*  * 

0.55 

1.25 

0.33 

0.94 

+  001 

+  0.27 

*  * 

♦  ♦ 

Morehouse 

0.24 

0.87 

0.16 

0.61 

0.45 

1.31 

0.29 

0.95 

+  0.21 

+  0.44 

+  0.13 

+0.34 

Natchitoches 

0.63 

1.64 

0.38 

0.95 

0.67 

2.19 

0.52 

1.16 

+  0.04 

+  0.55 

+  0.14 

+  0.21 

Orleans 

Ouachita 

1.00 

1.59 

0.45 

1.16 

1.19 

1.56 

0.28 

1.27 

+  0.19 

-0.03 

-0.17 

+  0.11 

Plaquemines 

3.01 

0.70 

0.08 

*  * 

0.55  ■ 

0.12 

0.12 

*  * 

-0.15 

+  0.04 

*  * 

Pointe  Coupee 

0.16 

0.94 

0.63 

0.24 

0.71 

0.52 

+0  08 

-0  23 

-0.11 

Rapides 

0.60 

1.76 

*  * 

0.70 

2.28 

0.41 

1.12 

+  0.10 

+  0.52 

*  * 

♦  ♦ 

Red  River 

0.32 

0.78 

0.18 

0.50 

0.36 

0.84 

0.22 

0.56 

+  0.04 

+  0.06 

+  0.04 

+  0.06 

Richland 

1.41 

0.23 

*  * 

0.73 

1.79 

0.45 

1.44 

*  * 

+  0.38 

+  0.22 

♦  ♦ 

Sabine 

0.48 

057 

0.49 

0.52 

1.13 

0.56 

+  0.04 

+  0.56 

+  0.07 

St.  Bernard 

1.28 

6.94 

0.21 

*  * 

3.65 

0.46 

0.47 

*  * 

-3.29 

+  0.25 

*  * 

St.  Charles 

5.00 

2.42 

0.71 

*  * 

1.14 

0.41 

0.55 

*  * 

-1.28 

-0.30 

♦  ♦ 

St.  Helena 

0.31 

0.55 

0.36 

0.54 

1.59 

0.76 

+  0.23 

+  1.04 

+  0.40 

St.  James 

2.68 

*  * 

0.31 

1.88 

0.93 

*  * 

-0  80 

•  ♦ 

St.  John 

0.89 

3.56 

*  ♦ 

2.63 

2.63 

*  * 

-0.93 

*  * 

St.  Landry 

0.14 

0.81 

*  * 

0.87 

0.87 

*  * 

+  0.06 

*  * 

St.  Martin 

1.44 

0.14 

*  * 

0.49 

1.70 

0.81 

*  * 

+  0.26 

*  ♦ 

*  ♦ 

St.  Mary 

1.35 

0.18 

*  * 

0.26 

1.27 

0.25 

0.48 

*  * 

-0.08 

+  0.07 

♦  * 

St.  Tammany 

0.72 

0.87 

0.39 

0.68 

0.69 

1.44 

0.36 

0.75 

-0.03 

+  0.57 

-0.03 

+  0.07 

Tangipahoa 

0.37 

1.36 

0.31 

0.58 

0.61 

1.37 

0.37 

0.74 

+  0.24 

+  0.01 

+  0.06 

+  0.16 

Tensas 

0.38 

0.99 

*  * 

0.50 

1.29 

0.35 

0.93 

+  0.12 

+  0.30 

*  + 

*  * 

Terrebonne 

0.20 

2.43 

0.25 

0.32 

0.62 

2.46 

0.39 

0.49 

+  0.42 

+  0.03 

+  0.14 

+  0  17 

Union 

0.21 

0.30 

0.22 

0.34 

0.70 



0.37 

+  0.13 

+  0.40 

+  0.15        j 

on 


Table  4.— Analysis  of  the  effect  of  use  valuation  on  average  per  acre  taxes  in  Louisiana  parishes,  1977  to  1978 — Continued' 


Parish 


Average  fair  market 
value  taxes 


Average  current  use 
value  taxes 


Change  in  average  taxes 
due  to  use  valuation 


Forest     Agric.   Marsh      Total       Forest     Agric,    Marsh      Total       Forest 


Agric. 


Marsh 


Total 


Vermilion 

0.42 

0.88 

Vernon 

0.51 

0.86 

Washington 

0.52 

0.86 

Webster 

0.33 

0.44 

W.  Baton  Rouge 

0.65 

3.32 

W.  Carroll 

0.36 

1.08 

W.  Feliciana 

0.21 

0.44 

Winn 

0.45 

0.79 

Statewide 

0.46 

1.42 

0.19 


0.24 


0.54 

0.30 

1.22 

0.52 

0.62 

1.39 

0.60 

0.69 

1.43 

0.35 

0.34 

0.68 

1.82 

0.65 

2.00 

0.97 

0.53 

1.18 

*  * 

0.40 

0.81 

0  46 

0.55 

1.17 

0.24 


0.73 


0.58 


1.63 


■$/acre 

0.29  0.76  -0.12  +0  34  +0.10  +0.22 

0.66  +0.11  +0.53  +0.14 

0.87  +0.17  +0.57  +0.27 

0.25  0.40  +0.01  +0.24  +0.01  +0.05 

1.24  0.00  -1.32  -0.58 

1.08  +0.17  +0.10  +0.11 

0.20  0.49  +0.19  +0.37              *  *                *  * 

0.57  +0.10  +0.38  +0.11 

0.49  0!e0  +0.12  +0.21  +0.25  +0.17 


"Indicates  no  estimate  possible  because  of  lack  of  comparable  market  value  (1977)  and  use  value  (1978)  tax  data. 


Table  5. — Percentage  change  in  average  per  acre  assessments  and  taxes  attributable  to 
adoption  of  use  valuation  by  Louisiana  parishes.  1977  to  1978' 


Parish 


Percentage  change  due  to 


Forest 


Agric. 


Marsh 


Total 


Acadia 

+ 

0.86 

+ 

/ 

30.87 

Allen 

+ 

45.33 

+ 

76.72 

Ascension 

+  196.85 

+ 

77.36 

Assumption 

*  * 

— 

9.16 

Avovelles 

+ 

29.31 

— 

11.77 

Beauregard 

+ 

74.03 

+  145.59 

Bienville 

+ 

8.68 

+  154.66 

Bossier 

+ 

2.16 

+ 

10.03 

Caddo 

*  * 

— 

6.84 

Calcasieu 

+ 

79.51 

+ 

69.58 

Caldwell 

+ 

5.06 

+ 

64.60 

Cameron 

+ 

63.68 

Catahoula 

+ 

23.04 

+ 

8.30 

Claiborne 

*  ♦ 

+  102.38 

Concordia 

+  125.16 

+ 

73.47 

Desoto 

+ 

11.60 

+ 

98.46 

E.  Baton  Rouge 

♦  ♦ 

*  * 

E.  Carroll 

— 

15.25 

+ 

21.71 

E.  Feliciana 

+ 

82.08 

+ 

92.41 

Evangeline 

+ 

55.98 

+ 

6.89 

Franklin 

+ 

4.10 

+ 

4.44 

Grant 

+ 

19.13 

+ 

15.41 

Iberia 

+ 

88.97 

— 

0.88 

Iberville 

+ 

89.49 

— 

11.63 

Jackson 

+ 

14.09 

+ 

84.70 

Jefferson 

Jefferson  Davis 

_ 

43.89 



13.33 

Lafayette 

*  * 

— 

24.94 

Lafourche 

— 

33.35 

— 

8.95 

LaSalle 

+ 

23.29 

+ 

57.86 

Lincoln 

♦  * 

+  126.61 

Livingston 

+ 

57.62 

+ 

71.85 

Madison 

+ 

1.72 

+ 

27.84 

Morehouse 

+ 

85.75 

+ 

50.45 

Natchitoches 

+ 

6.66 

+ 

41.02 

percent 

+     28.98 

+      57.08 

+     32.34  +     96.45 

*  * 

+  249.61  -       5.53 

*  *  ♦  * 

+     21.18 

-  11.85  +       4.45 

*  *  ♦  ♦ 

-  73.72  +  46.31 
+  14.77  +  19.67 
+   106.18  +     87.73 

*  ♦ 

*  *  ♦  ♦ 

*  *  >i<  * 

*  *  ♦  ♦ 

+     21.55  +     18.22 

*  +  ♦  ♦ 

*  *  ♦  ♦ 

+     25.82  +       4.47 

+     58.60  +     18.15 

+     38.47  +       7.87 

+     13.75 

+     19.25 

+  1209.77  +1209.77 

-  51.29  -     15.88 

+     37.53  +        6.14 

*  * 

*  *  *  * 

+     80.18  +     55.59 

+     36.78  +     22.06 
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Table  5. — Percentage  change  in  average  per  acre  assessments  and  taxes  attributable  to 
adoption  of  use  valuation  by  Louisiana  parishes,  1977  to  1978 — Continued^ 


Parish 


Forest 


Percentage  change  due  to 


Agric. 


Marsh 


Total 


-percent- 


Orleans 

Ouachita 

+ 

19.07 

Plaquemines 

*  * 

Pointe  Coupee 

+ 

51.58 

Rapides 

+ 

17.19 

Red  River 

+ 

13.00 

Richland 

*  * 

Sabine 

+ 

7.88 

St.  Bernard 

*  * 

St.  Charles 

*  * 

St.  Helena 

+ 

75.57 

St.  James 

♦  * 

St.  John 

*  * 

St.  Landry 

*  * 

St.  Martin 

*  * 

St.  Mary 

*  * 

St.  Tammany 

— 

3.82 

Tangipahoa 

+ 

64.42 

Tensas 

+ 

31.04 

Terrebonne 

+  215.32 

Union 

+ 

63.29 

Vermilion 

— 

27.87 

Vernon 

+ 

22.10 

Washington 

+ 

32.50 

Webster 

+ 

1.82 

W.  Baton  Rouge 

0.00 

W.  Carroll 

+ 

46.19 

W.  Feliciana 

+ 

89.45 

Winn 

+ 

22.02 

Statewide 

+ 

25.25 

_ 

1.82 

— 

21.40 

— 

24.66 

+ 

29.70 

+ 

8.05 

+ 

26.75 

+ 

99.24 

— 

47.43 

— 

52.83 

+  188.61 

— 

29.87 

— 

26.16 

+ 

7.38 

+ 

18.17 

— 

5.82 

+ 

65.81 

+ 

0.79 

+ 

30.45 

+ 

1.23 

+  133.33 

+ 

38.71 

+ 

61.55 

+ 

66.08 

+ 

53.92 

— 

39.80 

+ 

9.18 

+ 

84.40 

+ 

48.37 



37.29 

+ 

51.72 

*  * 

+ 

22.44 

+ 

96.35 

+ 

117.97 

42.66 

*  * 

+ 

39.67 

— 

7.30 

+ 

19.56 

*  * 

+ 

57.11 

+ 

54.48 

+ 

3.14 

*  * 

+ 

9.84 

♦  * 

— 

17.27 

♦  * 

+ 

11.15 

♦  ♦ 

+ 

14.69 

*  ♦ 

*  * 

+ 

111.58 

** 

*  * 

*  * 

*  * 

*  * 

+ 

9.76 

+ 

28.35 

*  * 

4- 

52.35 

+ 

70.76 

+ 

40.32 

+ 

26  63 

+ 

44.59 

+ 

14.60 

— 

31.83 

+ 

11.25 

+     23.72 


+   14.95 


103.82 


+     23.21 


1  *  *  Indicates  no  estimate  possible  because  of  the  lack  of  comparable  data  for  the  tax 
years  1977  and  1978. 
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Table  7. — Percentage  change  in  total  property  tax  revenues  attributable  to  adoption  of 
use  valuation  by  Louisiana  parishes,  1978^ 


Parish 


Tot.  revenue 

collectible  given 

market  valuation 

of  all  tax.  prop. 


Forest 


Percentage  change  due  to 


Agric. 


Marsh 


Total 


dollars 

4,135,430 

Acadia 

0.00 

Allen 

2,050,396 

+  3.24 

Ascension 

5,172,679 

+  1.37 

Assumption 

*  * 

*  * 

Avoyelles 

2,410,230 

+  0.61 

Beauregard 

*  * 

*  * 

Bienville 

2,350,571 

+  0.70 

Bossier 

6,087,554 

+  0.03 

Caddo 

*  * 

*  * 

Calcasieu 

30,690,612 

+  0.21 

Caldwell 

1,726,121 

+  0.56 

Cameron 

3,723,521 

Catahoula 

*  * 

*  * 

Claiborne 

*  * 

*  * 

Concordia 

*  * 

*  * 

Desoto 

*  * 

*  * 

E.  Baton  Rouge 

*  * 

*  * 

E.  Carroll 

922,823 

-0.27 

E.  Feliciana 

*  * 

*  * 

Evangeline 

*  * 

*  * 

Franklin 

2,635,621 

+  0.10 

Grant 

1,651,876 

+  1.47 

Iberia 

6,114,999 

+  0.21 

Iberville 

3,925,798 

+  0.74 

Jackson 

1,791,540 

+  1.43 

Jefferson 

66,688,355 

Jefferson  Davis 

3,366,051 

-0.54 

Lafayette 

*  * 

*  * 

Lafourche 

10,768,232 

-0.13 

LaSalle 

*  * 

*  * 

Lincoln 

*  * 

*  * 

Livingston 

*  * 

*  * 

Madison 

*  * 

*  * 

Morehouse 

3,254,300 

+  1.08 

Natchitoches 

4,373,693 

+  0.42 

Orleans 

99,402,055 

Ouachita 

12,269,828 

+  0.36 

Plaquemines 

*  * 

*  * 

Pointe  Coupee 

1,135,119 

+  0.77 

Rapides 

*  * 

*  * 

Red  River 

590,152 

+  0.86 

Richland 

*  * 

*  * 

Sabine 

2,135,852 

+  0.79 

St.  Bernard 

*  * 

*  * 

St.  Charles 

♦  * 

*  * 

St.  Helena 

890,378 

+  5.31 

St.  James 

*  * 

*  * 

St.  John 

*  ♦ 

*  * 

St.  Landry 

*  * 

*  * 

St.  Martin 

*  * 

*  * 

St.  Mary 

*  * 

*  * 

St.  Tammany 

9,405,584 

-0.08 

Tangipahoa 

5,701,971 

+  1.25 

Tensas 

*  * 

*  * 

Terrebonne 

18,824,696 

+  0.21 

Union 

1,442,123 

+4.44 

percent 

+  2.89                 +2.89 

+  3.88                +7.12 

+  2.74  0.00  +4.11 

*  *  *  *  ♦  ♦ 

-1.75  +0.19  -0.95 

*  *  *  *  ♦  * 

+  1.43                +2.13 

+  0.10  -0.01  +0.12 

*  *  *  *  •  • 

+  0.77  -0.21  +0.77 

+  2.50  +0.05  +3.11 

+  1.38  +2.81  +4.19 

*  *  *  *  *  * 

*  *  *  *  ♦  ♦ 

*  *  *  *  *  * 

*  *  ♦  ♦  •  ♦ 

+  3.81  +0.02  +3.56 

+  0.80  +0.02  +0.92 

+  0.72  +0.04  +2.23 

-0.03  +0.09  +0.27 

-0.31                 +0.43 

+  0.58                +2.01 

+1.01  +1.01 

-1.59  -0.05  -2.18 

*    *  +    *  *    ♦ 

-0.21  +0.60  +0.26 

*  *  *  *  *  * 

*  *  *  ♦  *  ♦ 

*  *  *  *  *  ♦ 

*  *  *  *  *  ♦ 
+  3.84  +0  09  +5  01 
+  2.59  +0.05  +3.06 

-0.02  -0.01  +0.33 

-3.24                -2.47 

+  1.08  +0.08  +2.02 

+  0.96                +1.75 

+  *  *  *  ♦  * 

*  *  *  ♦  ♦  ♦ 
+  6.04                +11.35 

ijC     !|C  9fC     3|C  1|C     )|t 

*  *  *  ♦  *  * 

*  *  ♦  *  *  ♦ 

*  *  *  *  *  • 

+  0.37  -0.02  +0.27 

+  0.02  +0.06  +1.33 

+  0.01  +0.66  +0.88 

+  1.35                +5.79 
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Table  7. — Percentage  change  in  total  property  tax  revenues  attributable  to  adoption  of 
use  valuation  by  Louisiana  parishes,  1978 — Continued^ 


Tot.  revenue 

Parish 

collectible  given 

Percentage  change  due  to 

market  valuation 
of  all  tax.  prop. 

Forest 

Agric. 

Marsh 

Total 

dollars 

percent 

-  -     ■] 

Vermilion 

6,304.258 

-0.04 

+  1.89 

+  0.53 

+  2.38 

Vernon 

2,716,616 

+  2.56 

+  0.71 



+  3.27 

Washington 

3,986,254 

+  1.25 

+  1.39 

+  264 

Webster 

3.074,306 

+  0.02 

+  0.53 

0.00 

+  0.55 

W.  Baton  Rouge 

2,505,291 

0.00 

-2.17 

-2.17 

W.  Carroll 

1,281,115 

+  0.44 

+  1.46 

+  1.90 

W.  Feliciana 

*  * 

*  * 

*  * 

♦  ♦ 

*  * 

Winn 

1,527,804 

+  2.98 

+  0.46 

+  3.44 

Statewide 

518,300,631 

+  0.26 

+  0.31 

+  0.20 

+  0.77 

1  ♦  *  Indicates  no  estimate  possible  because  of  the  lack  of  comparable  data  for  the  tax 
years  1977  and  1978. 
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Table  9. — Percentage  of  the  total  tax  base   in   Louisiana  parishes — as  measured  on  a 
market  value  basis — in  different  types  of  participating  property,  1978' 


Parish 

Percentage  of  tax  base 

Forest 

Agric. 

Marsh 

Total 

_  —  ___  —  ____-.  —  ■._  r\c>r 

-     fJt.fi^t:iiL 

Acadia 

0.66 

9.39 

10.05 

Allen 

7.24 

5.07 

12.31 

Ascension 

0.70 

3.55 

0.01 

4.26 

Assumption 

*  * 

*  * 

*  * 

*  * 

Avoyelles 

2.04 

14.77 

0.07 

16.88 

Beauregard 

*  * 

*  * 

*  * 

*  * 

Bienville 

8.60 

0.92 

9.52 

Bossier 

L27 

1.04 

0.06 

2.37 

Caddo 

*  * 

*  * 

*    * 

+    * 

Calcasieu 

0.26 

1.11 

0.29 

1.66 

Caldwell 

11.37 

3.89 

0,35 

15.61 

Cameron 

2.17 

2.63 

4.80 

Catahoula 

*  * 

*  * 

*  * 

*  * 

Claiborne 

*  * 

*  * 

*  * 

*  * 

Concordia 

*  * 

*  * 

*  * 

*  * 

Desoto 

*  * 

*  * 

*  * 

*  * 

E.  Baton  Rouge 

*  * 

*  * 

*  * 

*  * 

E.  Carroll 

1.81 

17.74 

0.11 

19.66 

E.  Feliciana 

*  * 

*  * 

*  * 

*  * 

Evangeline 

*  * 

*  * 

*  * 

*  * 

Frankhn 

4.38 

29.65 

0.13 

34.16 

Grant 

7.73 

4.66 

0.08 

12.47 

Iberia 

0.23 

2.88 

0.21 

3.32 

Iberville 

0.79 

2.54 

3.83 

Jackson 

9.73 

0.69 

10.42 

Jefferson 

0.08 

0.08 

Jefferson  Davis 

1.24 

12.63 

0.10 

13.97 

Lafayette 

*  * 

*  * 

*  * 

*  * 

Lafourche 

0.40 

2.36 

1.56 

4.32 

LaSalle 

*  * 

*  * 

*  * 

*  * 

Lincoln 

*  * 

*  * 

*  * 

*  4i 

Livingston 

♦  * 

*  * 

*  * 

*  * 

Madison 

*  * 

*  * 

*  * 

*  * 

Morehouse 

1.28 

7.62 

0.11 

9.01 

Natchitoches 

6.17 

7.69 

0.12 

13.98 

Orleans 

Ouachita 

1.76 

1.21 

0.03 

3.00 

Plaquemines 

*  * 

*  * 

*  * 

♦  * 

Pointe  Coupee 

1.45 

13.10 

14.55 

Rapides 

*  * 

*  * 

*  * 

*  * 

Red  River 

6.49 

12.91 

0.35 

19.75 

Richland 

*  * 

*  * 

*  * 

♦  ♦ 

Sabine 

10.61 

0.96 

11.57 

St.  Bernard 

*  * 

*  * 

*  * 

♦  * 

St.  Charles 

*  * 

*  * 

*  * 

*  ♦ 

St.  Helena 

6.93 

3.21 

.... 

10.14 

St.  James 

*  * 

*  * 

*  * 

♦  ♦ 

St.  John 

*  * 

*  * 

*  * 

♦  ♦ 

St.  Landry 

*  * 

*  * 

*  * 

*  * 

St.  Martin 

*  * 

*  * 

*  * 

♦  ♦ 

St.  Mary 

*  * 

*  * 

*  * 

♦  * 

St.  Tammany 

2.15 

0.56 

0.29 

3.00 

Tangipahoa 

1.95 

2.30 

0.29 

4.54 

Tensas 

*  * 

*  * 

*  * 

*  * 

Terrebonne 

0.09 

0.46 

1.13 

1.68 

Union 

6.87 

1.01 

7.88 
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Table  9. — Percentage  of  the  total  tax  base  in  Louisiana  parishes — as  measured  on  a  mar- 
ket value  basis — in  different  types  of  participating  property.  1978 — Continued^ 


Parish 


Forest 


Percentage  of  tax  base 


Agric. 


Marsh 


Total 


Vermilion 

0.16 

4.88 

Vernon 

11.37 

1.16 

Washington 

3.85 

2.11 

Webster 

2.50 

0.99 

W.  Baton  Rouge 

1.38 

5.44 

W.  Carroll 

0.97 

15.91 

W.  Feliciana 

*  * 

*  * 

Winn 

13.67 

0.94 

Statewide 

1.06 

2.05 

0.94 


0.16 


5.98 
12.53 
5.96 
3.65 
6.82 
16.88 
♦  * 

14.61 


0.19 


3.30 


1  *  ♦  Indicates  no  estimate  possible  because  of  the  lack  of  comparable  data  for  the  tax 
years  1977  to  1978. 
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The  short-run  fiscal  impacts  of  switching  from  market  to  use 
assessment  for  agricultural,  horticultural,  marsh,  and  timber 
lands  is  explored  in  this  review  of  Louisiana's  1974  consti- 
tutional action. 
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Bionomics  and  Control 
of  the  White  Oak  Borer 


J.  D.  Solomon  and  D.  E.  Donley 


AUG  \il    lafl^i 


SUMMARY 

The  white  oak  borer,  Goes  tigrinus  (DeGeer),  is  one  of  the  most  serious 
trunk  borers  of  young  trees  in  the  white  oak  group  in  the  eastern  United 
States.  Adult  beetles,  emerging  from  late  April  through  May  in  the  South  and 
from  mid-May  to  mid-July  in  its  northern  range,  oviposit  in  the  cambium 
through  niches  chewed  in  the  bark.  Newly  hatched  larvae  tunnel  directly  into 
the  sapwood.  Larval  galleries  in  the  trunk  extend  2  to  6  cm  obhquely  upward,  8 
to  17  cm  vertically,  and  then  turn  back  to  the  bark  surface.  Part  of  a  brood 
develops  in  3  years,  while  the  remainder  requires  4  years.  The  borer  attacks 
trees  3  to  55  cm  in  diameter  at  breast  height  (dbh),  but  prefers  stem  diameters 
from  9  to  20  cm.  Open-grown  trees  are  favored  for  attack.  Sap-out  mortality 
and  woodpecker  predation  are  the  major  natural  controls.  Removal  of  brood 
trees  and  managing  for  non-host  species  will  help  minimize  losses. 


Bionomics  and  Control  of  the  White  Oak  Borer 


J.  D.  Solomon  and  D,  E.  Donley 


INTRODUCTION 

The  white  oak  borer  (WOB),  Goes  tigrinus  (De- 
Geer),  is  among  the  most  important  insect  pests  of 
white  oaks  in  the  eastern  United  States  (Baker  1972, 
Beal  et  al.  1952).  As  it  prefers  small  trees,  this  borer  is 
probably  the  most  serious  insect  borer  of  trees  in  the 
sapling  and  pole  size  classes  (Solomon  and  Morris 
1965).  Donley  (1969,  1974)  ranked  the  WOB  as  the 
primary  pest  responsible  for  defects  causing  rejection 
of  staves  in  production  of  white  oak  cooperage  in 
Ohio.  Except  for  a  popular  news  article  by  Solomon 
and  Morris  (1965),  a  recent  spatial  distribution  study 
in  a  1.4  ha  white  oak  stEind  in  Ohio  by  Donley  (1978b), 
and  a  few  brief  notes  by  other  authors,  publicatioijs 
on  this  economic  pest  are  negligible.  This  paper  pre- 
sents an  account  of  the  bionomics,  injury,  and  control 
of  the  WOB. 


times  weekly  during  late  spring  and  summer  to  estab- 
lish the  emergence  period  and  to  provide  adults  for 
study.  Mating,  feeding,  and  oviposition  habits  were 
studied  by  confining  beetles  in  sleeve-type  screen 
cages  on  the  lower  trunks  of  saplings.  Cages  were 
positioned  to  enclose  living  twigs  and  succulent  foli- 
age for  a  continuous  food  supply  for  the  adults. 
Forty-eight  fresh  egg  niches  were  caged  to  study  the 
life  history.  Stem  diameter  preferred  for  oviposition 
was  ascertained  by  measuring  200  infested  trees. 
Stems  were  cut  and  dissected  to  reveal  immature 
stages,  feeding  and  tunneling  habits,  and  parasite 
infestation.  Several  hundred  additional  standing 
trees  were  inspected  to  study  portion  of  tree 
attacked,  signs  of  infestation,  damage,  and  rate  of 
woodpecker  predation. 


RESULTS  AND  DISCUSSION 


METHODS 

The  life  and  seasonal  histories  of  the  WOB  were 
studied  primarily  in  bottomland  steinds  of  overcup 
oak,  Quercus  lyrata  Walt.,  in  Mississippi  and  in 
upland  stands  of  white  oak,  Quercus  alba  L.,  in  Ohio. 
Additional  studies  of  presence,  host  species  attacked, 
and  extent  of  injury,  were  made  in  several  other  east- 
ern states.  The  major  portion  of  the  investigation  was 
conducted  from  1972  to  1979. 

Collection  of  insects  and  their  mating,  oviposition 
and  host  selection  behavior  have  been  described  else- 
where (Donley  1978a).  Distributions  were  studied  in 
twelve  1/10  ha  circular  plots  located  in  fully  stocked, 
evenaged  stands.  The  40-year-old  stands  were  man- 
aged for  timber  and  wildlife  production.  Each  Q.  alba 
>5  cm  dbh  was  measured  and  examined  for  borer 
attacks. 

In  Mississippi,  125  sleeve-type  cages  were 
installed  over  attacks  on  infested  trees.  Newly 
emerged  beetles  were  collected  from  cages  2  to  4 


Stages  of  Development— The  adult  is  a  large  long- 
horn  beetle  with  a  prominent  lateral  spine  on  each 
side  of  the  pronotum  (fig.  1).  The  body  is  elongate, 
robust,  and  cylindrical,  ranging  from  22  to  30  mm 
long  and  6  to  8  mm  wide.  It  is  dark  brown  with 
densely  mottled  white  pubescense.  The  mottling 
forms  indistinct  dark  elytral  bands  at  the  base  and 
near  the  middle.  Females,  generally  slightly  larger 
than  males,  have  heavier  abdomens  but  slightly 
shorter  antennae. 

Eggs  are  creamy-white,  translucent,  parchment- 
like, elongate,  and  average  4  mm  long  and  1  mm  wide. 
The  larvae  are  somewhat  robust,  elongate,  and 
almost  cylindrical,  but  slightly  flattened  dorsally  and 
ventrally,  and  slightly  broader  anteriorly  (fig.  2). 
They  are  yellowish  white  with  dark  brown  mandibles 
and  light  amber  spiracles.  The  larvae  are  legless  but 
move  upon  several  well  developed  ampullae  on  the 
abdominal  segments;  therefore,  larval  development 
takes  place  entirely  in  its  gallery.  Larvae  are  24  to  32 
mm  long  when  mature.  Newly  transformed  pupae  are 
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white  with  a  greenish  tinge;  however,  the  mandibles, 
eyes,  and  appendages  darken  and  become  more  dis- 
tinct as  adult  transformation  approaches. 

Hosts.— Oak,  hickory,  and  walnut  have  been 
recorded  as  hosts  of  the  WOB  (Baker  1972,  Beal 
1952).  The  decided  preference  is  for  oaks  in  the  white 
oak  group  (Beal  1952,  Dillon  and  Dillon  1941,  Knull 
1946),  including  white  oak,  Q.  alba  L.;  overcup  oak,  Q. 
lyrata  Walt.;  post  oak,  Q.  stellata  Wangenh.;  and 
swamp  chestnut  oak,  Q.  michauxii  Nutt.  It  is  particu- 
larly prevalent  in  Q.  lyrata  in  bottomland  forests. 
Attacks  characteristic  of  G.  tigrinus  were  also  found 
in  chestnut  oak,  Q.  prinus  L. 

It  probably  occurs  in  other  oaks  of  the  white  oak 
group,  but  it  is  questionable  in  the  red  oak  group  and 


Figures  \-2.— Stages  ofG.  tigrinus.  (1)  Adult  female.  (2)  Full-grown 
larva  in  gallery  in  overcup  oak. 


in  hickory,  Gary  a  spp.,  and  w£dnut,  Juglans  spp. 
Although  exit  holes  and  bark  scars  characteristic  of 
G.  tigrinus  have  been  observed  in  hickory  and  black 
walnut,  it  seems  more  likely  that  attacks  in  these 
hosts  were  due  to  another  borer  G.  pulcher  (Hald.). 
Host  preference  tests  in  cages  in  Ohio  including  white 
oak,  Q.  alba  L.,  shagbark  hickory,  C.  ovata  (Mill.), 
black  wailnut,  J.  nigra  L.,  white  ash,  Fraxinus  ameri- 
cana  L.,  £md  red  maple,  Acer  rubrum  L.,  support 
these  observations.  Seventeen  mated  females  \dld  258 
eggs— all  on  Q.  alba.  Three  egg  niches  were  prepared 
on  shagbark  hickory  and  one  on  red  maple,  but  no 
eggs  were  deposited.  Q.  alba  stems  with  overlapping 
bark  plates  were  not  used  for  oviposition  although 
aborted  niches  were  sometimes  made  through  the 
outer  bark  layer.  Perhaps  beirk  layering  restricts  ovi- 
position and  defines  the  stem  diameter  of  WOB 
attack  sites  and,  hence,  vertical  distribution  within 
stems. 

Distribution.— The  WOB  has  been  reported  from 
much  of  the  eastern,  central,  and  southern  United 
States  (Beal  1952,  Blatchley  1910).  DiUon  and  DiUon 
(1941)  record  the  insect  from  9  eastern  states  extend- 
ing from  New  York  south  to  Florida  and  west  to 
Louisiana.  Gosling  and  Gosling  (1976)  hst  it  west  to 
Michigan.  In  this  investigation  its  injury  and  col- 
lected specimens  were  observed  from  Arkansas, 
Louisiana,  Mississippi,  Alabama,  Georgia,  Tennes- 
see, North  Carolina,  Missouri,  Indiana,  Ohio,  Iowa, 
and  Oklahoma.  It  has  also  been  reported  from  Canada 
(Blatchley  1910)  and  Mexico  (Dillon  and  DiUon  1941). 

Life  and  Seasonal  Histories.— Adult  emergence 
recorded  for  88  specimens  in  Mississippi  occurred 
from  April  28  to  May  30.  Adults,  relatively  long- 
lived,  have  been  taken  in  light  traps  in  Mississippi  as 
late  as  July  10.  In  its  northern  range  adults  emerge 
later.  In  Ohio  114  beetles  emerged  over  a  2-month 
period  from  May  17  to  July  19.  Gosling  and  GosUng 
(1976)  recorded  the  presence  of  adults  in  Michigan  in 
late  July  and  early  August. 

Adults  fed  on  twigs  and  leaf  petioles,  then  mated 
and  females  immediately  began  ovipositing.  Eight 
females  paired  with  males  and  caged  on  Q.  lyrata  laid 
an  average  of  of  9  ±  3  (X  ±  SD)  eggs;  17  females  caged 
on  Q.  alba  bolts  deposited  an  average  of  15  ±4  eggs. 
To  oviposit,  the  female  chewed  an  oval  niche  5  to  8 
mm  diam.  in  the  bark,  deposited  an  egg  between  the 
bark  and  wood,  and  sealed  the  opening  with  an  acces- 
sory gland  secretion  (fig.  3).  Egg  niche  excavation 
and  oviposition  required  an  average  of  21  minutes  per 
egg  (182  niches  made  by  13  females).  Although  eggs 
were  deposited  singly,  infested  trees  commonly  had  2 
or  more  egg  niches.  The  largest  number  of  fresh  egg 
niches  found  on  a  single  tree  was  14. 

Newly  hatched  larvae  did  Uttle  or  no  mining  in  the 
phloem  or  cambium,  but  tunneled  directly  into  the 
sapwood.  Sap  usually  oozed  from  the  point  of  attack 


Figures  3-6.— Habits  and  signs  of  infestation  of  G.  tigrinus  in 
stems  ofovercup  oak.  13)  Egg  niche  cut  in  the  bark  by 
the  female  beetle.  (4)  Ribbon  of  frass  being  extruded 
from  gallery  entrance  indicating  an  active  attack.  (5) 
Sectioned  stem  showing  a  typical  larval  gallery.  (6) 
Elongate  hole  made  by  larva  below  and  circular  exit 
hole  made  by  adult  above. 


to  darken  or  discolor  the  surrounding  bark.  Soon 
after  egg-hatch,  tiny  strands  of  fine,  moist,  yellowish 
frass  were  extruded  through  entrance  holes  in  the 
bark  by  1st  and  2nd  instar  larvae.  As  the  larvae  grew, 
the  frass  strands  became  larger,  and  often  assumed 
the  shape  of  flattened  yellow  ribbon-like  pieces  from 
being  forcefully  extruded  through  the  vertically  elon- 
gate entrance  holes  (fig.  4).  Short  pieces  of  shredded 
wood  appeared  in  the  frass  during  the  second  year 


and  gradually  increased  in  length.  Excelsior-like 
wood  fibers  in  the  frass,  12  to  18  mm  long,  were  £in 
indication  of  larval  maturity  and  approaching  pupa- 
tion. Yellow  frass  often  accumulated  in  piles  around 
the  base  of  infested  trees. 

Larval  galleries  extended  horizontally  or  obliquely 
upward  in  the  sapwood  for  2  to  6  cm,  rose  vertically 
for  another  8  to  17  cm,  then  turned  horizontally  back 
to  the  surface  (fig.  5).  Adult  borers  in  large  stems 
usually  exited  the  same  side  of  the  tree  they  entered, 
but  on  small  stems  they  sometimes  exited  on  the 
opposite  side.  Galleries  were  relatively  uniform  in 
shape,  but  occasionally  short  diverticula  occurred, 
usually  at  the  junctions  of  the  horizontal  £ind  vertical 
portions  of  the  galleries.  Completed  galleries  ranged 
from  11  to  23  cm  long  and  1.0  to  1.5  cm  in  diameter.  A 
single  larva  occupied  each  gallery,  but  galleries  occa- 
sionally intersected  when  populations  were  heavy. 

The  mature  leirva  prepared  a  pupation  chamber  at 
the  uppermost  part  of  the  gaUery  by  plugging  it 
tightly  with  excelsior-like  frass.  Pupation  in  Missis- 
sippi occurred  during  April  and  early  May  and  lasted 
15  to  19  days.  The  new  adult  beetle  chewed  a  circular 
exit  hole  at  the  upper  end  of  the  pupal  chamber 
directly  to  the  outside  and  emerged.  Thus,  each  borer 
left  behind  two  holes,  an  8  to  12  mm  elongate 
entrance  hole  and  a  7  to  9  mm  perfectly  round  exit 
hole  (fig.  6).  These  wounds  heal  to  form  characteristic 
elongate  and  circular  bark  scars  that  remain  for  many 
years  as  evidence  of  previous  infestation. 

Forty-eight  eggs,  meirked  and  caged  when  depos- 
ited, produced  9  adults  in  3  years  and  7  adults  in  4 
years  for  a  survival  rate  of  33  percent.  Thus,  in  Mis- 
sissippi a  generation  required  3  and  4  years. 
Although  Donley  (1978b)  reported  a  3-  to  4-year  hfe 
cycle,  most  researchers  mention  a  4-year  Ufe  cycle 
(Beal  1952,  KnuU  1946).  Baker  (1972)  mentions  3  to  5 
years  for  a  generation.  It  is  hkely  that  a  4-  to  5-year 
life  cycle  may  be  more  typical  of  the  insect  in  its 
northern  range. 

Distribution  of  WOB  attacks  by  diameter  class 
amd  stem  height  on  Q.  alba  in  Ohio  is  summarized  in 
figure  7.  Ninety- five  of  207  trees  were  infested  with 
186  WOBs.  Active  attacks  were  found  in  trees  7.5  to 
55  cm  dbh.  The  preferred  stem  diameter  at  the  point 
of  attack  was  10.9  cm;  thus,  as  dbh  increased,  the 
height  of  active  attack  increased.  The  average  height 
of  attack  was  3.4  m.  In  one  55-cm  dbh  tree  a  borer 
attack  was  found  at  16  m  height  on  a  5-cm  diameter 
branch.  The  distribution  of  attacks  in  Q.  lyrata  in 
Mississippi  was  similar  to  that  in  Q.  alba.  Eighty- 
eight  percent  of  310  active  borers  occurred  in  stems  9 
to  20  cm  in  diameter  at  the  point  of  attack.  Borer 
attacks  were  observed  from  ground-line  up  to  a 
height  of  8  m  in  Q.  lyrata. 

According  to  Putnam  (unpubl.  office  report)  Q.  lyr- 
ata, growing  on  poor  sites  of  heavy  clay  soil  with  poor 


drainage  and  prolonged  flooding  into  the  growing 
season,  was  generally  infested  with  WOB  and  other 
borers  and  had  poor  quaUty.  High  quality  stands 
growing  on  fertile,  silty  sites  on  the  edges  of  active 
sloughs  or  on  the  shelves  of  bayous  had  fewer  borers. 
Conversely,  Donley  (1978b)  reported  from  a  study  of 
a  1.4-ha  upland  stand  of  Q.  alba  in  Ohio  that  the  WOB 
preferred  the  fastest  growing  trees. 

Once  infested,  a  tree  was  often  re-infested  year 
after  year.  Dissection  commonly  revealed  larvae  of  2 
or  3  ages  or  broods  in  the  same  tree.  In  one  stand,  3 
trees  had  14,  16,  and  24  active  attacks.  Trees  harbor- 
ing so  many  attacks  should  be  termed  "brood  trees" 
(fig.  8).  Young  trees  suffering  repeated  attack  by 
WOBs  and  worked  by  woodpeckers  usually  have  been 
invaded  by  carpenterworms,  ants,  and  decay  fungi 
resulting  in  many  surface  scars  and  rough  irregular 
bark.  When  trees  become  heavily  damaged  and  pre- 
disposed to  c£u-penterworms,  timberworms,  and  other 
borers,  they  offer  poor  choices  for  crop  trees. 

Contro/.— High  populations  of  WOB  typically 
build  up  from  repeated  attacks  in  a  few  selected  trees 
within  a  stand.  These  brood  trees,  a  reservoir  for 
future  infestation  and  spread  to  potential  crop  trees, 
should  be  sought-out,  identified,  and  removed  during 
stand  management.  Donley  (1978b)  cited  an  instance 
in  a  1.4-ha  stand  where  50  percent  of  the  WOBs  could 
have  been  killed  by  removing  only  14  trees  (<5%  of 
the  stand  basal  area).  Although  brood  trees  can  be 


spotted  at  any  time  of  the  year  and  at  any  time  dur- 
ing the  life  of  a  steind,  they  are  most  easily  discerned 
from  spring  to  fall  when  the  grubs  are  extruding  yel- 
lowish frass  from  the  entrance  holes. 

Natural  controls  account  for  some  mortality.  "Sap- 
out"  caused  by  oozing,  fermenting  sap  at  new  egg 
niche  sites  kills  many  newly  hatched  larvae. 
Although  the  effects  of  sap-out  have  not  been  quanti- 
fied, good  growing  conditions  and  adequate  rainfall 
appear  to  increase  the  rate  of  sap-out  mortality  in 
bottomland  stands  of  Q.  lyrata. 

Woodpeckers  were  the  most  important  natural 
enemy  during  the  2nd  through  4th  years  of  develop- 
ment. Examination  of  270  trees  infested  with  560 
WOBs  in  Mississippi  during  early  spring  revealed 
that  39  percent  of  the  trees  had  been  worked  by  wood- 
peckers and  30  percent  of  the  borers  had  been  cap- 
tured. Predation  was  most  common  during  the  dor- 
mant season  in  infested  trees  12  cm  or  less  in  diam. 
and  in  trees  having  multiple  attacks.  We  found  no 
parasites  of  the  WOB  even  though  hundreds  of 
attacks  were  caged  and/or  dissected.  Moreover,  none 
has  been  reported. 

Some  localities  have  a  history  of  heavy  deimage 
from  WOB,  especially  Q.  lyrata  growing  on  poor,  fre- 
quently flooded  sites.  Mamy  woodsmen,  knowing  that 
certain  areas  produce  timber  of  poor  quality  because 
of  borers,  and  other  defects,  generally  make  allow- 
ances when  selling,  buying,  and/or  managing  these 


DBH      CLASS  (cm) 

Figure  1  .—Distribution  ofG.  tigrinus  attacks  by  diameter  class  and  stem  height  (X  ±  SD)  on  Q.  alba  in  Ohio. 


stands.  Integrating  information  on  borer  behavior 
into  stand  management  of  poor  sites  would  lead  man- 
agers to  favor  other  tree  species  in  harvest,  cull,  or 
improvement  cuts. 


Figure  8.— Brood  tree  ofouercup  oak  with  numerous  G.  tigri- 
nus  holes  in  the  lower  trunk  and  frass  piled 
around  the  base  of  the  tree. 
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Microhistological  Techniques  for  Food  Habits  Analyses 

Mark  K.  Johnson,  Helen  Wofford  and  Henry  A.  Pearson 


INTRODUCTION 

The  use  of  micro-aiiatomical  features  for  identifica- 
tion of  plants  in  diets  of  herbivores  has  received  wide 
application  since  the  early  reports  of  Baumgartner 
and  Martin  (1939),  Norris  (1943),  and  Dusi  (1949). 
However,  detailed  descriptions  of  specific  techniques 
have  not  been  fully  reported.  Those  attempting  to 
learn  how  to  quantify  diets  microhistologically  have 
great  difficulty  without  help  from  experienced  techni- 
cians. 

The  purpose  here  is  to  describe  specific  techniques 
used  to  prepare  £ind  quantify  herbivore  diet  samples 
for  microhistological  analyses.  It  is  beyond  our  scope 
to  provide  a  detailed  taxonomy  based  on  micro-anat- 
omy. However,  the  variety  of  plants  described  here 
represents  probable  numbers  and  anatomical  varia- 
tions that  may  be  normally  expected  in  a  diet  study. 
Additional  variations  of  micro-anatomical  features 
exist  in  other  plgints.  The  reader  should  refer  to  Met- 
calfe (1960)  for  a  complete  description  of  plant  micro- 
anatomy. Here  we  describe  the  types  of  anatomical 
structures  useful  for  identifying  plant  fragments 
regardless  of  the  variation  in  each. 

We  thank  R.  M.  Hansen,  Colorado  State  Univer- 
sity, L.  J.  Korschgen,  Missouri  Department  of  Con- 
servation, J.  L.  Holeckek,  New  Mexico  State  Univer- 
sity, and  J.  E.  Moore,  University  of  Florida,  for 
reviewing  early  drafts.  This  project  was  supported  by 
the  U.S.  Forest  Service  and  Mississippi  State  Univer- 
sity under  cooperative  agreement  No.  19-335. 


REFERENCE  MATERIALS 


The  plants  described  in  this  report  are  a  select 
group  of  those  common  on  longleaf-slash  pine-blues- 
tem  range  of  the  lower  coastal  plain  in  the  southeast- 
ern United  States.  Plant  names  used  in  this  paper  fol- 


low those  provided  in  the  National  List  of  Scientific 
Plant  Names  (USDA,  SCS  1982). 

Some  researchers  prepare  reference  and  study 
materials  by  carefully  scraping  away  tissues  to 
expose  the  cutinized  epidermis  on  the  opposite  side 
(Korschgen  1977).  This  method  is  preferable  to  rip- 
ping tissues  in  a  blender  when  intact  leaves  are 
needed  for  taxonomic  description.  However,  for  diet 
analysis  reference  materials  must  simulate  the  small 
fragments  found  in  samples  following  mastication 
and  digestion.  Therefore,  we  prepared  reference 
plants  by  mixing  about  1  g  of  dry  leaves  and  20  ml  of 
liquid  household  bleach  at  high  speeds  in  a  blender. 

Hertwig's  solution  can  be  used  to  clear  pigments 
from  plant  tissues  (Cavender  and  Hansen  1970,  Flin- 
ders and  Hansen  1972,  Todd  and  Hansen  1973). 
However,  soaking  samples  in  household  bleach 
accomplishes  the  same  thing  with  greater  ease  (Rey- 
nolds etal.  1978). 

Some  researchers  stained  plant  specimens  after 
decolorizing  (Dusi  1949,  Voth  1968,  Field  1972,  Fitz- 
gerald 1976).  Although  staining  aids  in  distinguish- 
ing certain  features,  some  do  not  stain  materials 
(Stewart  1967,  Cavender  and  Hansen  1970,  Hansen 
1971,  Westoby  et  al.  1976,  Johnson  1979),  and  we 
beUeve  it  unnecessary. 

We  used  Hoyer's  solution  for  making  permanent 
slides.  However,  this  solution  is  hygroscopic  so  that 
in  warm,  humid  climates  slides  become  sticky  and 
must  be  stored  in  low  humidity  environments  for 
months  before  they  are  dry.  An  alternative  plastic 
mounting  medium  can  be  made  with  lactic  acid, 
phenol  crystals,  and  polyvinyl  alcohol.  The  plastic 
medium  dries  within  a  few  days.  (Directions  for  pre- 
paring both  Hoyer's  solution  and  the  plastic  medium 
are  in  Appendix  I). 

When  permanent  slides  £ire  not  needed,  plant  frag- 
ments can  be  mounted  in  a  solution  of  soapy  water  or 
water  mixed  with  a  small  amount  of  gum  arabic. 
Water  infiltrates  the  tissues  quickly  and  shdes  can  be 
examined  immediately. 
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PREPARATION  OF  DIET  SAMPLES 

Diet  samples  come  from  esophageal  or  rumen  fistu- 
lated  animals,  stomachs,  rumens,  intestines  or  ceca  of 
dead  animals,  or  fecal  droppings.  The  condition  of 
fragments  in  esophageal  samples  is  similar  to  refer- 
ence material  making  sample  preparation  relatively 
easy.  Digested  fragments  are  more  difficult  to  iden- 
tify since  the  number  of  anatomical  features  per  frag- 
ment is  less  usually.  Fecal  materials  exposed  to  the 
environment  for  long  periods  may  be  difficult  to  iden- 
tify, but  decomposition  in  arid  environments  may  be 
so  slow  that  fossil  dung  more  than  10,000  years  old 
has  been  used  to  obtain  a  record  of  an  animal's  diet 
(Hansen  1978). 

Whenever  stomach  or  rumen  samples  are  avail- 
able, gross  examination  with  dissecting  equipment  at 
low  magnifications  is  recommended  before  grinding 
for  micro-analysis.  Some  foods  do  not  have  distinc- 
tive micro-anatomical  characteristics  and  can  only  be 
identified  before  digestion.  On  the  other  hand  the 
presence  of  some  plants  can  be  easily  detected  by 
micro-analysis  while  they  may  not  be  detected  by 
gross  examination  (Yarrow  1979). 


DIAGNOSTIC  FEATURES 

Leaf  fragments  in  diet  samples  are  identified  by 
comparison  with  fragments  and  drawings  made  from 
reference  slides.  Drawings  can  be  made  by  hand  or 
with  the  aid  of  a  drawing  tube  attached  to  a  micro- 
scope. This  piece  of  equipment  allows  non-artists  to 
accurately  outline  the  micro-anatomy  of  plant  frag- 
ments but  all  structures  do  not  lie  on  the  same  plane 
so  that  drawings  can  not  perfectly  represent  the 
appearance  of  fragments  in  a  microscope  (Appendix 
II).  Descriptions  of  plant  micro-anatomy  from  Met- 
calfe (1960)  v/ere  used  to  guide  our  study  of  those 
structures  most  useful  for  identification.  We  gener- 
ally ignored  Metcalfe's  descriptions  of  relative  abun- 
dance for  certain  structures  since  these  characteris- 
tics are  only  apparent  on  large  leaf  fragments.  There- 
fore, our  descriptions  are  limited  to  micro-anatomical 
variations  of  certain  structures. 

Micro-anatomy  of  Monocots 

The  parallel  veins  of  grasses  readily  separates  leaf 
tissue  into  zones,  and  clearly  distinguishes  grass  leaf 
fragments  from  those  of  dicots.  While  identifiable 
tissues  from  sheath,  flower,  seed,  or  culm  are  often 
present,  leaf  blades  provide  the  most  useful  tissue  for 
microscopic  identification  of  the  grasses  (Metcalfe 
1960).  Minor  anatomical  differences  appear  on  the 
same  leaf,  among  leaves  of  the  same  plant  and  among 


different  plants.  However,  micro-anatomical  charac- 
teristics have  been  used  for  taxonomic  differentiation 
of  species,  genera,  and  families  (Davies  1959,  Tateoka 
1957,  and  Metcalfe  1960). 

Costal  Girder  and  Bulliform  Cells.— The  areas 
directly  over  and  around  the  veins  are  termed  costal 
zones  while  areas  between  the  veins  are  termed  inter- 
costal zones  (Metcalfe  1960).  Schlerenchymous  cells 
called  costal  girders  surround  the  veins  and  are  com- 
mon to  grasses  from  dry  habitats  (Metcalfe  1960). 
Bulliform  cells  are  located  intercostally  and  have 
thinner  cell  walls  than  costal  girders.  They  are  large, 
highly-vaculated,  epidermal  cells.  Their  function  is 
not  known  but  sometimes  they  are  filled  with  silica 
(Esau  1965).  Since  the  arrangement  and  appearance 
of  costal  girder  cells  are  highly  variable,  we  have  not 
found  costal  girder  and  bulliform  cells  to  be  useful 
features  for  identification  of  grasses. 

Long  and  Short  Cells.— There  are  two  other  dis- 
tinct cell  types  (long  and  short)  in  typical  epidermis. 
Long  cells  are  very  narrow  and  run  parallel  to  the 
vascular  bundles.  They  are  a  major  constituent  of  the 
intercostal  zone  but  may  also  be  found  over  the  costal 
zone.  Cell  walls  may  be  sinuous  or  non-sinuous  with 
varying  degrees  of  each  (fig.  1).  Long  cells  surround 
short  cells  and  stomata  (Esau  1965).  We  found  that 
length  and  width  of  long  cells  provide  some  clues  as 
to  the  identity  of  a  fragment,  but  the  nature  of  the 
cell  weills  is  the  primary  characteristic  we  compgire 
with  reference  materials  when  trying  to  identify  leaf 
fragments. 

Short  cells  are  dispersed  among  the  long  cells  and 
may  appear  over  the  costal  zones.  They  are  filled  with 
sihca  or  cork.  We  have  found  the  shapes  and  sizes  of 
silica  cells  in  the  costal  areas  to  be  particularly  diag- 
nostic. 

Metcalfe  and  Chalk  (1950)  classified  about  20  dif- 
ferent shapes  of  silica  cells.  Three  main  shapes  we 
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Figure  1.—  Variations  in  cell  walls  of  grasses. 


have  found  are  dumbbell,  non-dumbbell,  and  dumb- 
bell variations.  Non-dumbbeU  shaped  silica  cells  are 
square,  cuboid,  or  irregular  cuboid  (fig.  2).  For  dumb- 
bell shaped  cells  in  the  costal  region,  length,  width, 
and  angulEir  cheiracteristics  of  the  middle  and  ends 
aid  in  identification  of  species  (fig.  3). 

For  silica  cells  in  the  intercostal  region,  shape  and 
abundance  differ  among  species.  They  often  occur  in 
peiirs  called  companions  or  couples  (fig.  4).  Compari- 
son of  silica  cell  size  is  often  useful  for  distinguishing 
eimong  species  where  shapes  are  similar.  However, 
when  size  is  used  for  identification  a  number  of  differ- 
ent fragments  must  be  examined  to  account  for  varia- 
tion. Size  is  most  useful  for  distinguishing  between 
genera  rather  than  species.  For  example,  the  shape  of 
silica  cells  found  in  leaves  of  Andropogon,  Schiza- 
chyrium  and  Panicum  is  bone-like  but  those  in  Pani- 
cum  leaves  are  generally  smaller. 

Stomata. —Stomata  of  grasses  occur  intercostally. 
Openings  are  surrounded  by  guard  cells  that  are  nar- 
row in  the  middle  and  bulbous  on  the  ends.  In  addi- 
tion, stomata  of  grasses  are  accompanied  on  their 
parallel  axes  by  two  subsidiary  cells  (Metcalfe  1960). 
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variations  of  dumbbell  shape 

It  is  easier  to  identify  grass  species  whenever  both 
stomata  and  sihca  bodies  are  present  on  the  same 
fragment.  The  size  of  stomata  is  not  useful  for  identi- 
fication except  where  they  are  extremely  small  or 
large. 

Trichomes.— Four  types  of  grass  trichomes  are 
useful  for  identification.  They  are  macrohairs,  micro- 
hairs,  prickle  hairs,  and  papillae  (fig.  5).  Macrohairs 
are  visible  with  the  naked  eye  or  hand  lens.  Some  are 
multicellular  but  the  shape  of  the  proximal  end  is  the 
most  outstanding  feature.  Of  all  the  hair  types, 
microhairs  are  the  least  diagnostic  because  in  diet 
samples  the  distal  cell  of  bicellular  microhairs  is  often 
broken,  leaving  a  blunt  end  (Metcalfe  1960). 

Prickle  hairs  are  very  common  but  there  are  few 
differences  in  their  appearance  among  species. 
Usually  located  on  margins,  veins,  or  between  long 
cells,  they  simply  aid  identification  by  lending  a  char- 
acteristic appearance  to  fragments.  By  contrast,  pric- 
kle hairs  vary  in  shape,  location  and  distribution  on 
leaves  so  that  they  may  be  very  useful  for  taxonomic 
characterization  of  species  when  complete  leaves 
rather  than  small  fragments  are  examined. 

Papillae  Eire  protrusions  of  the  epidermal  surface 
which  take  a  variety  of  shapes.  We  found  that  sedges 
(Carex  spp.)  and  pineywoods  dropseed  (Sporobolus 
junceus)  had  numerous  papillae  present. 

Micro-anatomy  of  Dicots 

Tnc/iomes.— Trichomes  provided  a  primary  me£ins 
for  identifying  dicots  since  they  differ  more  among 
species  than  other  epidermal  cells,  crystals  or  sto- 
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Figure  2.—  Variations  in  shapes  of  silica  cells  observed  in  grasses. 


Figure  3.— Variations  in  shapes  of  dumbbell  shaped  silica  cells 
observed  in  grasses. 
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Figure  4.— Variations  in  the  appearance  of  silica  cell  pairs  which 
occur  in  grasses. 


mata.  Metcalfe  and  Chalk  (1950)  classified  families 
into  those  having  glandular  or  nonglandular  tri- 
chomes  and  also  according  to  the  numbers  of  compo- 
nent cells.  Trichome  anatomy  has  been  used  for 
generic  classification  by  Rolhns  (1944),  Heintzelman 
and  Howard  (1948),  Cowan  (1950),  and  Hummel  and 
Staesche  (1962).  While  the  shape  of  plant  hairs  differs 
among  some  taxonomic  divisions,  there  is  often  con- 
siderable uniformity  within  genera. 

We  found  shape  and  number  of  cells  making  up  a 
trichome  to  be  the  best  starting  point  for  identifying 
dicot  species.  We  observed  4  basic  kinds  of  trichomes: 
ligulate,  branched,  compound  and  papillate  (fig.  6). 
Characteristics  such  as  size  of  the  base,  shape  of  the 
apex,  texture  of  the  surface  and  degree  of  tapering  are 
useful  for  identification  (fig.  7). 

Epidermal  Ce//s.— Unless  otherwise  indicated,  epi- 
dermal cell  as  used  here  refers  only  to  epidermis  of 
leaves  including  cells  of  the  upper  leaf  surface,  lower 
leaf  surface,  trichome  attachment  cells,  and  special- 
ized cells  such  as  glands.  Shapes  of  epidermal  cells 
vary  among  families,  genera,  species,  and  parts  of  the 
same  plant.  Their  form  is  affected  by  factors  such  as 
light  intensity  and  atmospheric  humidity.  Thus,  the 
size,  shape,  and  walls  of  epidermal  cells  may  vary 
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Figure  5.— Four  basic  shapes  of  trichomes  commonly  found  on 
grass  leaves. 


from  year  to  year  eind  place  to  place  (Metcalfe  and 
Chalk  1950).  In  addition,  some  plants  have  multiple 
epidermal  layers  (Esau  1965). 

Despite  variation,  characteristics  of  epidermal 
cells  are  highly  useful  for  plant  fragment  identifica- 
tion. Notable  features  include  weill  structure,  relative 
size,  and  relative  thickness.  Two  distinct  shapes  are 
angular  and  contour.  Angular  cells  have  pointed  or 
rounded  corners,  and  five,  six,  or  eight  straight  sides 
which  give  the  tissue  a  honeycomb  appearance.  By 
comparison,  the  walls  of  contour  cells  fit  together  Uke 
those  of  a  jigsaw  puzzle.  We  found  the  degree  of  con- 
tour in  the  walls  to  be  characteristic  (fig.  8). 

Trichome  attachments  have  different  shapes  than 
other  epidermal  cells,  and  there  is  usually  a  constant 


number  of  cells  surrounding  each  attachment  (fig.  9). 
Glands  occur  on  epidermal  tissues  of  many  plants 
and  are  usually  smaller  than  other  trichomes  (fig.  10). 
Crysta/s.— Crystals  are  formed  from  secretions  of 
calcium  carbonate,  calcium  oxalate,  starch,  or  silica. 
While  leaves  of  Rubus  contain  large  crystals  called 
druses,  those  produced  by  Lonicera  are  usually  larger 
and  fewer.  Crystals  are  located  in  epidermis,  vascular 
tissue,  and  stemlike  tissues  around  trichome  attach- 
ment cells.  Types  of  crystals  are  druses  (starshaped), 
raphides  (needlelike),  various  square  or  rectangular 
crystals,  and  intermediates  of  druses  and  squares 

(fig.  11). 

Stomata  and  Companion  Cells. —Stomata  are 
usueilly  most  abundant  on  the  lower  surface  of  leaves. 
However,  they  may  also  be  located  on  upper  surfaces 
or  on  the  epidermis  of  petioles,  stems  and  flowers. 


The  companion  cells  that  surround  the  guard  cells  are 
not  generally  useful  for  identification.  Exceptions  are 
those  that  appear  to  have  corner  cells  at  the  point 
where  two  guard  cells  meet.  These  tiny  triangular 
cells  are  common  to  Quercus,  but  they  are  also  found 
in  most  conifers  and  ferns. 

Frequency  and  size  of  stomata  are  highly  variable 
characteristics  that  depend  on  environment,  geogra- 
phy, and  location  on  the  plant.  These  characteristics 
are  not  useful  for  identifying  small  fragments.  More 
useful  for  identification  is  the  number  of  epidermal 
cells  that  surround  stomata.  Among  the  plants  in  our 
collections  are  the  patterns  outUned  by  Metcalfe  and 
Chalk  (1950):  irregular-celled  (four  or  more  cells  sur- 
round the  stomata),  three  unequal-celled  (three  cells 
surround  stomata,  one  may  be  distinctly  smaller  than 
the  other  two),  parallel-celled  (two  cells  surround 
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Figure  6. — Basic  kinds  of  trichomes  commonly  found  on  leaves  ofdicots. 


stomata  and  their  common  side  is  parallel  to  the  long 
axis  of  the  pore),  and  cross-celled  (two  cells  surround 
the  stomata  and  their  common  wall  is  at  right  angles 
to  the  long  axis  of  the  pore)(fig.  12). 


IDENTIFICATION 

Whether  plant  fragments  are  from  reference  mate- 
rial or  diet  samples,  they  are  not  uniform  in  size, 
shape,  or  thickness.  We  mount  samples  on  glass 
sUdes  (3"  X  1";  cover  shps,  20x40  mm)  in  a  layer  of 
medium  about  1.0  mm  thick.  All  of  the  fragments  do 


not  lie  in  the  same  plane,  and  some  individual  frag- 
ments curl  so  different  anatomical  structures  do  not 
lie  on  the  seune  plane  of  focus.  In  addition,  tissue 
thickness  causes  anatomical  structures  to  be  on  dif- 
ferent planes  of  focus.  Complete  view  of  a  fragment 
requires  focusing  through  tissues  until  all  features 
are  examined.  Composite  drawings  such  as  those  pub- 
lished here  do  not  represent  the  true  appearance  of 
fragments  under  a  microscope,  and  the  necessity  of 
focusing  through  tissues  Umits  the  use  of  photomicro- 
graphs for  illustration  or  as  reference  material.  How- 
ever, after  study,  drawings  provide  excellent  refer- 
ence with  reduced  effort  compared  to  constant  exami- 
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Figure  1.— Basic  characteristics  of  tips  and  bases  of  trichomes  usually  found  on  leaves  ofdicots. 


nation  of  reference  slides  which  are  only  needed  for 
confirming  uncertain  identifications. 

Distinguishing  monocots  from  dicots  is  simple 
because  of  the  pronounced  difference  in  venation. 
However,  distinguishing  among  different  dicots 
requires  recognition  of  cell  patterns  and  anatomical 
structures.  Often  the  presence  of  a  distinctive  tri- 
chome  is  sufficient  evidence  for  identifying  a  frag- 
ment. However,  some  trichomes  separate  from  frag- 
ments and  in  these  cases  accurate  quantification 
requires  association  of  trichomes  with  epidermal  frag- 
ments. For  species  or  parts  of  leaves  without  distinc- 
tive trichomes,  identification  depends  upon  study  of 
cell  shape,  characteristics  of  cell  walls,  the  form  of 
stomates,  and  the  presence  of  crystals.  Usually,  only 
one  or  two  micro-anatomical  features  Eire  needed  for 
identification  of  dicots. 

Identification  of  grasses,  requires  study  of  the  cell 
walls,  stomates,  and  silica  cells.  In  general,  fragments 
of  different  grasses  appear  more  similar  to  each  other 
than  fragments  of  dicots.  When  a  sample  contains 
two  or  more  grasses,  fragment  identification  usually 
requires  the  presence  of  at  least  two  distinctive  fea- 
tures. 


For  a  large  collection  of  species,  it  would  be  diffi- 
cult to  identify  plants  without  large  pieces  of  leaves 
so  that  a  complete  pattern  of  structures  could  be 
examined  compared  to  what  can  be  seen  on  small 
fragments.  However,  practical  food  habits  studies 
deal  with  a  Umited  hst  of  plants  from  which  herbi- 
vores usually  select  a  few  staples  during  any  season. 
By  the  process  of  elimination  and  intense  study  of 
reference  plants,  small  fragments  of  leaves  can  be 
used  to  identify  the  foods  selected  by  a  herbivore. 


QUANTIFICATION 

Anthony  and  Smith  (1974)  visually  estimated  the 
contribution  of  each  species  to  the  numbers  of  frag- 
ments observed  on  microscope  sHdes.  Although  this 
method  seems  efficient  and  practical,  there  is  no  con- 
trol over  observer  bias.  Most  quantification  of  plant 
fragments  identified  on  a  microscope  slide  has  been 
performed  by  counting  fragments  or  by  using  some 
variation  of  simple  counting.  Voth  (1968)  measured 
the  dimensions  of  each  fragment  to  calculate  an  area 


Figure  8.— Variations  in  the  contour  of  cell  walls  in  leaves  of  dicots. 
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Figure  9.— Examples  of  trichome  attachments  observed  on  leaves 
ofdicots. 


for  each  one.  Other  researchers  have  counted  the 
numbers  of  fragments  and  calculated  the  relative 
number  for  each  species  (Storr  1961,  Ward  and  Keith 
1962,  Myers  and  Vaughan  1964,  Bear  and  Hansen 
1966,  Sparks  1967,  Stewart  1967). 

Frequency  Sampling 

Frequency  sampling  is  nothing  more  than  record- 
ing the  presence  or  absence  of  an  item  in  a  sampling 
unit.  The  method  has  been  employed  for  study  of  wild 
plant  distributions  and  abundance  (Fracker  and 
Brischle  1944),  and  relative  abundance  of  wild  ani- 
mals (Caughley  1977).  Sparks  and  Malechek  (1968) 
demonstrated  that  frequency  sampling  was  an  accur- 
ate alternative  to  counting  each  plant  fragment  when 
quantifying  botanical  compositions  on  microscope 
shdes.  As  a  result  the  procedure  has  been  used  for 
estimating  herbivore  diets  by  a  vEiriety  of  researchers 
(Flinders  and  Hansen  1972,  Todd  and  Hansen  1973, 
Hansen  et  al.  1973,  Dearden  et  al.  1975,  Johnson 
1979). 

The  technique  is  relatively  simple.  Microscope 
sUdes  are  made  with  mixtures  of  plant  fragments 
ground  in  a  Wiley  Mill  over  a  1.0  mm  mesh  sieve  so 
that  all  particles  average  about  the  same  size.  A  pre- 
determined number  of  fields  are  systematically  exam- 
ined at  the  same  magnification,  and  the  presence  of 
each  species  is  recorded. 

Frequency  of  occurrence  is  calculated  for  each  spe- 
cies. As  long  as  the  amount  of  ground  plant  material 
on  each  slide  is  relatively  small  (1-3  fragments  per 
field),  average  relative  frequency  of  occurrence  repre- 
sents average  relative  abundance  of  the  different  spe- 
cies in  the  mixture.  Since  bulk  densities  of  leaves 
from  different  plants  are  about  equal,  relative  abun- 
dance provides  an  estimate  of  relative  dry  weight  for 
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erect  glandular  trichome  (side  view) 


Figure  10.— Examples  of  glands  observed  on  leaves  ofdicots. 


each  food  in  a  herbivore's  diet  (Johnson  1982).  A 
number  of  published  reports  demonstrate  that,  in 
general,  this  technique  provides  accurate  estimates  of 
herbivore  diets  whether  study  materials  are  stomach 
contents  or  fecal  pellets  (Hansen  et  al.  1973,  Dearden 
etal.  1975). 

Under  the  following  assumptions  each  microscope 
field  is  treated  as  a  sampling  unit:  ( 1 )  microf ragments 
of  plants  are  randomly  distributed  on  microscope 
slides,  (2)  microf  ragments  from  different  plant  taxa 
are  the  same  average  size,  (3)  dry  weight  bulk  densi- 
ties of  different  plant  taxa  are  the  same.  These 
assumptions  are  valid  since  the  distribution,  size  and 
average  number  of  fragments  per  microscope  field  is 
controlled  in  slide  mEiking  and  since  there  £ire  no  sig- 
nificant differences  in  dry  weight  bulk  densities 
among  the  leaf  tissues  from  different  plemts. 

The  relationship  between  particle  density  and  fre- 
quency of  occurrence  is  based  on  finite  numbers  of 
plant  fragments  distributed  at  random  over  a  micro- 
scope slide.  A  detailed  description  of  the  mathemati- 
cal theory  is  available  in  Johnson  (1982). 

The  stemdard  form  of  the  realtionship  between  fre- 
quency and  density  is 

F  =  l-e-'^,  (1) 

where  F  is  relative  frequency,  e  is  the  natural  loga- 
rithm and  d  is  the  mean  particle  density  determined 
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by  the  number  of  fragments  (n)  and  number  of  micro- 
scope fields  examined  (k)  so  that 

d  =  \.  (2) 

If  fragments  from  m  different  plant  species  are 
randomly  distributed  in  the  microscope  fields,  the 
peirticle  density  (average  number  of  fragments  per 
field)  of  each  is  independent  from  the  others.  Relative 
particle  densities  (rj),  which  are  estimates  for  the  rela- 
tive dry  weights  of  each  plant  in  the  diet  sample,  can 
be  calculated: 


Edj 

i  =  l  (3) 

where  j=  1,  .  .  .  ,  m  and  dj's  are  the  particle  densities 
for  each  species.  For  example,  we  may  simultane- 
ously count  the  presence  or  absence  of  severed  differ- 
ent taxa  in  a  microscope  analysis.  Since  proper  mix- 
ing and  spreading  of  microfragments  assures  ran- 
domness and  independence  of  peirticle  distributions, 
separate  estimates  for  each  taxon's  particle  density 
may  be  obtained  and  relative  particle  densities  calcu- 
lated. 

In  practical  applications  one  seeks  to  estimate  the 
average  particle  density,  which  is  unknown  and  not 
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easily  estimated.  This  is  done  by  estimating  fre- 
quency of  occurrence,  which  is  also  unknown  but  eas- 
ily estimated  by  recording  particle  presence  or 
absence,  and  then  estimating  density  from  frequency 
using  equation  (1).  Estimates  for  frequency  of  occurr- 
ence are  subject  to  sampling  v£iriability. 

Relative  precision  of  the  estimate  for  density  is 
also  dependent  on  average  frequency  (Curtis  and 
Mcintosh  1950).  As  average  frequency  increases, 
relative  precision  increases  up  to  an  optimum.  Preci- 
sion decreases  for  larger  particle  densities  because 
most  or  all  of  the  fields  contain  at  least  one  identifia- 
ble plant  fragment.  This  result  imposes  constraints 
on  the  maximum  particle  density  which  is  eillowable 
on  microscope  slides.  Conversley,  low  particle  densi- 
ties of  rare  taxa,  which  result  when  microscope  slides 
are  made  to  avoid  high  particle  densities  for  abun- 
dant taxa,  require  intensive  sampling  to  yield  precise 
estimates  of  these  particle  densities.  We  obtain  accur- 
ate results  in  quantifying  mixtures  when  slides  are 
made  so  that  microscope  fields  contain  from  3-5  iden- 
tifiable fragments. 


Relative  Discernability  and  Digestion 

Since  all  fragments  can  not  be  identified,  there 
have  been  attempts  to  account  for  differences  among 
species  as  to  proportions  of  fragments  that  can  be 
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Figure  11.— Basic  examples  of  crystals  observed  in  leaves  ofdicots. 


Figure  12.— Basic  arrangements  of  stomata  and  surrounding  epi- 
dermal cells  observed  in  leaves  ofdicots. 


identified,  and  to  account  for  the  affects  of  digestion 
on  the  discernability  of  fragments.  In  addition,  for 
the  same  weight  of  leaf  material  some  plants  frag- 
ment during  mastication  or  sample  preparation  into 
more  than  twice  the  number  of  pieces  as  other  plants 
(Johnson  et  al.  1983). 

Differential  digestibility  has  been  widely  discussed 
as  introducing  bias  into  diet  estimates  when  feced 
samples  are  used.  Some  reseeirchers  have  gone  to 
great  lengths  to  adjust  data  to  account  for  effects  of 
digestion  (Voth  and  Black  1973)  even  though  reports 
were  not  available  to  suggest  that  digestion  signifi- 
cantly biased  analyses.  There  are  no  known  micro- 
orgjinisms  that  possess  cutin  degrading  enzymes 
(Frey-Wyssling  and  Muhlentahler  1959).  The  equiva- 
lence factors  reported  by  Voth  and  Black  (1973)  were 
related  to  digestion  of  tissues  underlying  the  cuticle 
rather  than  reduction  of  the  cuticle.  Plant  fragment 
identification  is  based  on  micro-anatomical  character- 
istics of  an  indigestible  cuticle  and  cells  underlying 
the  cuticle  that  escape  digestion.  Leaves  are  made  of 
epidermis,  mesophyll,  and  vascular  bundles.  Epider- 
mis is  covered  by  indigestible  cuticle  which  inhibits 
digestion  of  mesophyll  by  blocking  passage  of 
microbes  into  the  leaves  (Harbers  et  al.  1981).  How- 
ever, once  passage  is  gained  by  maceration,  meso- 
phyll is  readily  degraded  while  epidermis  and  cells 
surrounding  vascular  bundles  are  degraded  next 
(Aiken  1979).  Generally,  lignified  vascular  tissues 
resist  digestion.  Theoretically,  identification  is  made 
only  from  cutin  which  retains  the  impression  of  epi- 
dermal tissues.  But  undigested  groups  of  cells 
enhance  the  visibility  of  cutinized  fragments  because 
the  increased  thickness  causes  greater  refraction  of 
light.  Microhistological  identification  is  easier  when 
both  the  epidermis  and  underlying  tissues  are  pre- 
sent. 

We  recorded  numbers  of  fragments  and  propor- 
tions identifiable  for  a  variety  of  undigested  and  dig- 
ested plants  (Johnson  et  al.  1983).  For  47  species 
tested,  digestion  increased  discernability  for  3  and 
decreased  discernability  for  9  by  more  than  10  per- 
cent while  the  other  35  plants  were  little  affected. 

Digestion  improved  discernabiUty  for  plants  hav- 
ing highly  suberized,  pigmented  cell  walls,  and  few 
trichomes  by  desiring  pigments  from  tissues  making 
cells  easier  to  see.  Digestion  decreased  discernability 
for  plants  having  thin  cell  walls  and  few  stomates  or 
trichomes.  Easily  identified  plant  fragments  gener- 
ally had  an  abundance  of  features  that  were  easily 
recognized.  Regardless  of  these  affects,  we  found  that 
they  were  not  dramatic  enough  to  have  very  much 
influence  on  estimates  of  botanical  composition 
(Johnson  et  al.  1983).  This  work  helped  to  explain 
why  estimates  of  botanical  compositions  for  feeds 
and  feces  have  usually  been  significantly  similar 
(Todd  and  Hansen  1973,  Hansen  et  al.  1973,  Johnson 
and  Pearson  1981.) 


WOOD  FIBERS,  MUSHROOMS  AND  MAST 

Wood  Fibers 

Digesta  from  animals  that  browse  or  gnaw  wood 
may  contain  fragments  that  cannot  be  identified  by 
gross  analysis.  However,  wood  fibers  can  be  identi- 
fied microscopically  and  often  occur  in  slides  made 
from  fecal  materials.  Identification  is  performed  by 
compeirison  with  reference  materieds  in  the  same 
manner  as  leaf  fragments  are  identified. 

Preparation  of  reference  fibers  or  wood  fragments 
taken  from  food  habits  samples  is  performed  by 
maceration  in  a  50:50  mixture  of  glacial  acetic  and 
30%  hydrogen  peroxide.  Wood  fragments  should  be 
refluxed  in  the  solution  for  1  to  2  hours.  The  specific 
time  needed  should  be  established  through  practice; 
some  wood  wiU  take  longer  than  others.  Variations  on 
this  procedure  are  also  available  (Panshin  and 
deZeeuw  1980).  Materials  should  be  rinsed  thor- 
oughly after  maceration.  Microscope  sUdes  can  be 
made  and  examinations  performed  as  they  are  for 
other  plant  fragments. 

Diagnostic  features  are  size,  shape,  and  pitting  of 
fibers.  Tracheids  are  the  only  cells  useful  for  identifi- 
cation of  softwoods.  Various  features  of  vessel  ele- 
ments and  tracheids  as  weU  as  the  presence  or 
absence  of  tracheids  are  diagnostic  for  hardwoods 
(Carpenter  and  Leney  1952,  Panshin  and  deZeeuw 
1980). 

We  know  of  no  authors  employing  these  proce- 
dures in  food  habits  studies.  We  have  observed  the 
fibers  in  fecal  pellets  of  a  variety  of  herbivores  but 
have  never  attempted  quantifying  them. 

Mushrooms 

Herbivores,  as  well  as  other  animals,  eat  mush- 
rooms, and  proportions  in  the  diet  may  be  significant. 
Many  animals  consume  mushrooms  that  are  poison- 
ous to  humans.  Mushrooms  tend  to  concentrate  phos- 
phorous and  are  rich  in  protein  (Miller  and  Halls 
1969,  Fogel  and  Trappe  1978).Both  of  these  nutrients 
may  be  lacking  in  the  vegetation  of  some  regions. 

The  presence  of  mushrooms  in  food  habits  samples 
complicates  quantification.  The  point  analysis 
method  useful  for  quantifying  relative  dry  weights  of 
macroscopic  fragments  in  stomachs  has  two  require- 
ments; bulk  densities  of  materials  should  not  differ 
greatly  and  the  form  of  different  items  must  be  simi- 
lar (Chamrad  and  Box  1964).  For  example,  the  dimen- 
sionless  quality  of  point  methods  is  destroyed  if  large 
flat  pieces  of  leaves  are  analyzed  in  mixtures  with 
small  seeds  which  have  a  much  higher  bulk  density 
but  a  lower  probability  of  occurrence  at  a  point. 

These  problems  can  be  overcome  by  hemd  separa- 
tion of  mushrooms  for  separate  weighing  or  volume- 
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trie  study,  or  by  microscopic  analyses  of  ground 
samples.  Regression  equations  can  be  developed  to 
relate  occurrences  of  mycelia  in  stomachs  to  occurr- 
ences of  plant  fragments. 

Digestibility  of  fungal  mycelia  is  nearly  complete 
except  where  large  Eimounts  are  ingested  in  a  single 
meal.  We  have  observed  intact  mycelia  in  feces  in 
these  cases.  However,  when  mushrooms  are  eaten  in 
smaller  amounts,  only  spores  are  present  in  fecal 
material.  Although  indigestible  (Fogel  and  Trappe 
1978),  spores  may  not  be  detected  in  fecal  samples 
during  routine  analysis  because  they  are  generally 
tiny.  Some  can  be  detected  at  100  magnifications  but 
others  require  500  to  1000  magnifications  before  they 
can  be  seen. 

Proportions  of  fecal  samples  made  up  by  spores 
might  be  large  for  small,  mycophagous  mammals 
(Tevis  1952),  but  insignificant  for  other  wildlife;  while 
the  proportion  of  the  diet  they  represent  can  be  more 
than  30*Vo  (unpublished  data).  Therefore,  accurate 
diet  quantification  requires  developing  correlations 
between  amounts  eaten  and  number  of  spores. 

To  demonstrate  this  procedure  we  separately 
ground  dry  mushrooms  {Amanda  sp.)  and  plant 
leaves  in  a  Wiley  mill  through  a  20  mesh  sieve.  Micro- 
scope slides  were  prepared  with  14  different  amounts 
of  pure  plant  fragments  ranging  from  6-60  mg.  Ten 
shdes  were  made  for  each  different  weight  so  that  140 
slides  were  used.  Slides  were  also  made  with  8  differ- 
ent amounts  of  pure  ground  mushrooms  ranging  from 
1-40  mg  and  10  replications  were  made  so  that  80 
slides  were  used.  We  then  counted  the  number  of 
plant  fragments  (125  x)  (regardless  of  whether  they 
were  discernable  fragments)  (fig.  13)  and  the  number 
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of  spores  (500  x)  in  each  microscope  field  (fig.  14). 
Twenty  fields  were  examined  for  each  slide,  averages 
were  calculated  and  grand  averages  were  calculated 
among  the  slides  for  each  different  weight  of  mate- 
rial. 

Five  different  test  mixtures  were  made  by  mixing 
different  proportions  of  ground  mushroom  (5-30*Vo) 
with  different  proportions  of  leaves  from  Schizachyr- 
ium  tenerum,  Eragrostis  spectabilis,  Desmodium  cil- 
iare  and  Lonicera  japonica.  Five  microscope  slides 
were  made  for  each  test  mixture.  Quantification  was 
performed  in  two  steps.  First,  the  sUdes  were  exam- 
ined separately  at  125  x  for  plant  leaf  fragments  and 
at  500  X  for  spores;  20  fields  were  examined  in  each 
case.  All  plant  fragments  or  spores  occurring  in  each 
field  were  counted  and  an  average  particle  density 
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Figure  \3.— Relationship  between  number  of  leaf  fragments  per 
microscope  field  (125  x )  to  dry  weigh  t  (gxlO  '  )  of  leaf 
fragments  used  to  prepare  slides  having  22y.40  mm 
cover  slips. 


Figure  14.— Relationship  between  number  of  Amanita  sp.  spores 
per  microscope  field  (500  x I  to  dry  weight  (gxlO~ ^)  of 
dry  mushroom  used  to  prepare  slides  having  22x40 
mm  cover  slips. 
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Table  I.— Comparison  of  known  proportions  (%)  of  plant  leaves  and  mushroom  in  five  test  mixtures  with  estimates  obtained  from  particle 
densities  of  leaf  fragments  and  spores 


Species 

in  test 

mixture 

Test 

Estimate 

Test 

Estimate 

Test 

Estimate 

Test 

Estimate 

Test 

Estimate 

Schizachyrium  tenerum 

50 

35 

40 

35 

30 

18 

40 

25 

20 

10 

Eragrostis  spectabilis 

10 

10 

20 

11 

15 

5 

10 

6 

10 

5 

Desmodium  ciliare 

25 

34 

20 

37 

15 

14 

10 

24 

10 

3 

Lonicera  japonica 

10 

10 

10 

4 

20 

49 

10 

17 

10 

4 

Amanita  sp. 

5 

11 

10 

13 

20 

14 

30 

28 

50 

78 

was  calculated  by  dividing  the  total  number  of  plant 
leaf  fragments  or  spores  by  the  number  of  fields 
examined.  The  dry  weight  represented  by  each  parti- 
cle density  was  estimated  by  using  figure  13  for  plant 
leaves  and  figure  14  for  mushrooms.  Relative  dry 
weights  of  mushroom  and  plemt  leaves  in  the  mix- 
tures were  estimated  by  calculating  the  relative  con- 
tribution of  each  from  estimates  of  their  dry  weights 
on  slides. 

The  second  step  in  quantification  was  performed 
by  calculating  relative  particle  densities  of  leaves 
according  to  the  procedures  described  earUer  (Sparks 
and  Malechek  1968),  and  multiplying  by  the  propor- 
tion of  leaf  fragments  in  each  mixture. 

Using  this  procedure  known  and  estimated  propor- 
tions for  mushrooms  in  the  simulated  diet  were  simi- 
lar except  when  the  proportions  of  mushrooms  were 
50%  (table  1).  At  this  level  the  number  of  spores  per 
field  became  too  numerous  for  accurate  estimates. 
Based  on  earlier  analyses  the  number  of  spores  per 
field  from  diet  sample  slides  should  remain  below  20. 
The  accuracy  of  estimating  plant  leaf  compositions 
using  the  same  slides  is  not  affected. 

Data  for  leaf  particle  densities  should  apply  to 
other  situations  while  data  for  mushrooms  applies 
only  to  the  species  we  used.  This  procedure  should  be 
repeated  for  each  mushroom  species  and  each  phenol- 
ogical  stage. 

Mast 

Most  wildlife  husk  nuts  before  eating  them,  and 
even  though  deer  often  swallow  acorns  whole,  the 
shells  may  be  regurgitated  and  spit  out.  In  frag- 
mented form,  acorn  hulls  are  difficult  to  identify  and 
mast  (endosperm)  is  amorphous.  Since  mast  is  highly 
digestible,  it  is  rarely  found  in  fecal  material.  We  have 
observed  mast  in  fecal  pellets  of  deer  and  goats  that 
feasted  on  abundant  supplies.  In  these  cases  the  bulk 
of  material  ingested  was  probably  too  much  for  com- 
plete digestion. 

Regardless  of  these  problems,  there  are  ways  to 
identify  the  tree  that  produced  the  mast  found  in 
stomach,  rumen  or  fecal  samples.  First,  all  acorns 
have  some  trichomes  on  the  hulls.  These  are  brittle, 
become  detached  and  remain  in  the  digestive  tract 


passing  through  to  the  feces.  Microhistological  exemi- 
ination  and  comparison  with  reference  material 
allows  identification  of  species  when  trichomes  are 
not  similar.  Quantification  can  be  performed  by  leeirn- 
ing  to  estimate  percentages  of  mast  in  mixtures  from 
frequency  counts  of  trichomes  on  slides  (table  2). 

Differences  in  shapes  of  starch  cells  in  the  mast 
from  different  acorns  have  been  detected  (Korschgen 
1981).  Reference  slides  can  be  made  from  scrapings  of 
the  endosperm  and  mast  in  stomachs  can  be  identi- 
fied from  water  mounts  of  the  semi-digested  starch. 
This  method  has  not  been  widely  investigated  but 
may  be  useful  for  food  habits  work  with  a  variety  of 
granivores. 


QUALITY  CONTROL 

A  technician's  behavior  and  performance  can 
change  from  day  to  day  because  identification  is  basi- 
cally a  value  judgment.  This  human  source  of  error 
cannot  be  overcome  through  the  employ  of  correction 
equations  or  equivailence  factors  regardless  of  how 
they  are  calculated. 

Most  plants  cem  be  identified  through  some  of  the 
fragments.  However,  we  found  it  necessary  to  ignore 
the  presence  of  any  trichomes  that  were  not  attached 
to  fragments  to  avoid  over  estimation  of  such  species' 
contribution  to  diet  semiples. 

Different  strategies  may  be  needed  for  each  situa- 
tion. For  example,  every  fragment  of  a  grass  could  be 
identified  if  it  was  mixed  with  dicots.  Test  mixtures 
of  2  to  6  different  plants  are  adequate  to  periodicedly 
check  a  technicians  accuracy.  Test  slides  are  also  val- 
uable for  building  technician  confidence  during  train- 
ing periods.  There  are  so  many  ways  to  combine 
plants  in  mixtures  that  it  is  impractical  to  produce 
enough  tests  to  simulate  every  possible  combination 
of  foods  in  actual  diet  samples.  Tests  sometimes  have 
to  be  made  after  the  plants  in  a  mixture  are  identified, 
but  before  they  are  quantified.  Sources  of  error  and 
uniqueness  of  mixtures  make  microhistological  tech- 
niques both  an  art  and  a  science  (Johnson  and  Pear- 
son 1981),  but  a  regimented  sampling  procedure  is 
necessary  to  provide  consistent  results. 
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Table  2.— Comparison  of  known  and  estimated  proportions  (%)  of  mast  in  five  mixtures  with  plant  leaf  fragments.  Mast  was  quantified  by 
counting  acorn  trichomes 


Species 

in  test 

mixture 

Test 

Estimate 

Test 

Estimate 

Test 

Estimate 

Test 

Estimate 

Test 

Estimate 

Quercus  rubra  (acorns) 

50 

54 

25 

19 

25 

21 

40 

40 

10 

20 

Quercus  rubra  (leaves) 

25 

22 

Rubus  sp. 

.... 

.... 

25 

29 

40 

39 

Lonicera  japonica 

.... 

.... 

.... 

25 

27 

10 

17 

Gelsemium  sempervirens 

.... 

.... 

25 

28 

15 

16 

40 

24 

Smilax  rotundifolia 

25 

34 

20 

17 

Toxicodendron  radicans 

50 

46 

50 

47 
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Directions  for  Preparing  Hoyer's  Solution 

Chloral  hydrate  crystals  200  g 

Glycerine  20  ml 

Gum  arabic  (photopurified)                                 -  30  g 

Tap  water  50  ml 

Combine  chloral  hydrate  and  glycerine.  Add  gum  arabic  and  water.  Place 
container  in  a  hot  water  bath  and  stir  until  ingredients  are  combined. 


Directions  for  Preparing  Plastic  Mounting  Medium 

Phenol  crystals  400  g 

Lactic  acid  440  ml 

Polyvinyl  alcohol  beads  150  g 

Distilled  water  11 20  ml 

Add  phenol  crystals  to  lactic  acid  and  stir  until  dissolved.  Work  should  be 
performed  in  a  ventilated  hood.  Mix  polyvinyl  alcohol  beads  with  water  in  a 
hot  water  bath.  Combine  the  two  solutions  and  stir  while  keeping  the  mixture 
warm  in  a  hot  water  bath. 
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Grasses  and  Grasslikes 


Purple  lovegrass  (Eragrostis  spec- 
tabilis)  (a)  and  tridens  (Tridens 
spp.)  (b)— Stomata  are  small 
and  have  rounded  domes.  Frag- 
ments may  have  prickles  but 
are  without  other  types  of  tri- 
chomes. 


Bearded  skeletongrass  (Gymnopo- 
gon  ambiguus)  (a)  and  switch- 
grass  (Panicum  virgatum)  (b) — 
Silica  bodies  are  dumbbell- 
shaped  but  compared  to 
bearded  skeletongrass,  switch- 
grass  stomata  are  larger  and 
adjoining  cell  walls  are  tightly 
sinuous  or  scalloped. 


Sedges  {Carex  spp.)— Shiny,  pap- 
pillae  are  common.  Cells  are 
square  or  rectangular  with 
wavy  walls. 


C?  0<i00  D^w'<::^^>3t«'  0=>0  O 


Paspalums  {Paspalum  spp.)— Sil- 
ica bodies  resemble  butterflies. 
Some  have  cuboid  companion 
cells. 
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Cutover  muhly  (Muhlenbergia 
expanso)— Stomata  are  small 
with  peaked  domes.  Fragments 
may  have  many  short  tri- 
chomes.  Costal  girders  are 
square. 


Green  silkyscale  (Anthaenantia 
uiV/osa)— Stomates  are  mostly 
rounded  but  some  are  slightly 
peaked.  Most  silica  bodies  look 
like  peanuts. 


C3    C3C3C3C3C3C:     acoOCO 
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Panic  grasses  (Panicum  spp.)— 
Relatively  long  bone-shaped  sil- 
ica bodies  resemble  8's. 


19 


Threeawns  {Aristida  spp.)— Silica 
bodies  are  dumbbell-shaped 
with  rounded  ends.  Stomata 
have  peaked  domes  and  look 
nearly  triangular.  Cell  walls  in 
the  intercostal  area  are  deeply 
sinuous. 


Pineywoods  dropseed  (Sporobolus 
yunceus)— Papillate  protrusions 
of  epidermal  cells  are  similar  to 
those  of  sedges.  Vein  silica  bod- 
ies and  companion  cells  form 
couples.  Stomates  are  small 
and  round. 


-  ^^~oo--co=  c^ 
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Common  carpetgrass  (Axonopus 
affinis)  (a)  and  yellow  indian- 
grass  (b)  (Sorghastrum  nutans) 
—Dumbbell-shaped  silica  bod- 
ies are  deeply  notched.  Carpet- 
grass  stomates  are  trizingular 
while  those  of  indiangrass  are 
oval-shaped. 
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Bluestems  (Andropogon  spp., 
Schizachyrium  spp.)— Stomata 
are  triangular.  Silica  bodies  are 
dumbbell-shaped  with  notched 
ends. 


't^^  §'£'oofa3^V3  a 
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Spike  uniola  {Chasmanthium 
/aa:u/7i)— Bulliform  cells  may 
contain  crystals.  Silica  bodies 
are  short,  small  dumbbells  that 
may  look  like  bow  ties. 
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Legumes 


Partridgepea  {Cassia  fasciculata) 
—Unicellular  strap-shaped  tri- 
chomes  are  internally  seg- 
mented. Square  crystals  are 
most  abundant  over  veins. 
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Pigeonwings  (Clitoria  mariana)— 
Fragments  are  without  tri- 
chomes  and  numerous  square 
crystEils  cover  the  veins. 


Littleleaf  tickclover  {Desmodium 
ciliare)— Three  types  of  tri- 
chomes  can  be  observed;  one 
has  a  mucronate  tip,  two  have 
hooked  tips.  All  trichome  bases 
are  separate,  single  cells. 
Square  crystals  cover  the  veins. 
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Virginia  tephrosia  (Tephrosia  vir- 
giniana)— Trichomas  are  stiff 
and  tapered  with  mucronate 
tips,  and  have  a  1-celled,  round 
base.  Square  and  rectangular 
crystals  are  abundant. 


Lespedezas  {Lespedeza  spp.) — Tri- 
chomes  are  flexible  with 
mucronate  tips.  Surfaces  of  tri- 
chomes  are  often  ciliate  in  L. 
uirginica;  sometimes  ciliate  in 
L.  hirta. 
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Downy  milkpea  (Galactia  volu- 
6j7/s)— Trichomes  are  stiff  with 
a  mucronate  tip  and  1 -celled 
base.  Intercostal  cells  are  puz- 
zle-like. Square  crystals  are 
mostly  over  the  veins. 


Pencilflower  (Stylosanthes  biflora) 
— Trichomes  appear  wilted  and 
have  a  1 -celled  base.  Square 
crystals  are  very  abundant. 


Butterfly  pea  (Centrosema  virgi- 
nianum)— This  plant  resembles 
Desmodium  and  Galactia.  Two 
types  of  trichomes  are  present; 
one  is  large  with  mucronate 
tips,  the  other  is  smaller  with 
hooked  tips.  Square  and  rectan- 
gular crystals  are  present. 
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Composites 


Hymenopapus  (Hymenopappus 
artemisiif alius)  — Flattened, 
ribbon-like  trichomes  look  Like 
spaghetti.  No  crystals  appear 
in  tissue.  Cells  walls  are  very 
thin  so  that  tissues  are  difficult 
to  see. 


Goldenrod  (Solidago  rugosa)— 
Ligulate,  segmented  trichomes 
have  thick  walls.  Flared  bases 
are  usually  broken  off.  Inter- 
costal cells  are  emgular. 
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Thickleaf  coreopsis  {Coreopsis 
lanceolata)  — Segmented  tri- 
chomes  are  ligulate.  Small 
druses  have  slightly  lobed  cells. 


Grassleaf  goldaster  (Heterotheca 
graminifolia)—Segmented  tri- 
chomes  are  ligulate.  Very  small 
druses  occur  intercostally  with 
slightly  lobed  cells. 
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Eupatoriums  (Eupatorium  spp.)— 
Ligulate,  segmented  trichomes 
and  silica  flowers  are  present. 
Intercostal  cells  are  angular 
with  wavy  wedls. 


Slender  rosinweed  {Silphium  gra- 
ci7e)— Trichomes  and  tissues 
area  similar  to  those  of  swamp 
sunflower. 
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Swampsuntlower  (Helianthus 
angustifolius)  —  haTge,  seg- 
mented trichomes  have  thick 
bumpy  surfaces.  Distinct 
attachment  cells  in  tissue  are 
made  up  of  leirge  thin-walled 
cells  and  druses  are  present. 


Blackeyed  susan  (Rudbeckia  hirta) 
—Large,  ligulate,  segmented 
trichomes  are  present. 
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Plantainleaf  coneflower  (Rud- 
beckia  grandiflora)— Medium, 
ligulate,  segmented  trichomes 
are  present.  Small  raphides  are 
very  abundant. 


Daisy  fleabane  (Erigeron  strigo- 
sus)  — Segmented  trichomes 
appear  jointed.  Leaf  cells  are 
usually  puzzle-like  while  stem 
cells  Eire  rectimguleir  and  paral- 
lel. 
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UIBBI 


Savoryleaf  aster  {Aster  linariifol- 
ms)— Short,  fat  segmented  tri- 
chomes,  and  some  nipple-like 
pappillae  are  present.  Intercos- 
teil  cells  are  angular  and  occur 
in  layers  so  that  cell  walls  over- 
lap each  other. 


Elephantsfoot  (Elephantopus 
tomentosus)— hong,  tapered, 
thin  trichomes  have  2-celled 
bases.  Puzzle-like  intercostal 
cells  contain  small  druses. 
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Miscellaneous  Forbs 


Flowering  spurge  {Euphoria  corol- 
lata)— There  are  two  types  of 
trichomes;  one  is  branched  find 
similar  to  dogwood  trichomes. 
Trichome  attachments  are  sur- 
rounded by  many  cells. 


Croton  {Croton  spp.)— Compound, 
stellate  trichomes  are  often 
attached  by  a  common  stalk. 
Anguleir  cells  have  very  thin 
walls  so  that  tissues  are  hard  to 
see. 
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Poor- joe  (Diodia  teres)— Yevi  tri- 
chomes  occur  on  leaf  margins. 
Each  intercostal  cell  contedns  a 
nipple-like  papilla.  Raphides 
are  present. 


Bracken  fern  (Pteridium  aquil- 
mum)— This  distinctive  tissue 
is  made  of  deeply  lobed  cells. 
Stomata  corners  have  trismgu- 
lar  cells. 
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Browse 


Southern  waxmyrtle  {Myrica  ceri- 
/era)— Trichomes  are  not  abun- 
dant and  usually  occur  only  on 
leaf  margins.  Druses  are  com- 
mon. 


Flowering  dogwood  {Comus  flor- 
ida)— Trichomes  branch  to  form 
a  't'  and  attachment  cells  are 
mostly  8-  sided.  Druses  are 
common. 
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Poison  ivy  (Toxicodendron  radi- 
cans)— Ligulate  and  glandular 
trichome  bases  are  usually  6- 
sided.  Druses  occur  over  veins 
and  square  crystals  occur 
between  the  veins. 


Carolina  jessamine  {Gelsemium 
sempervirens)— There  are  few 
trichomes  so  that  tissues  are 
essentially  glabrous.  Crystals 
are  small  and  shaped  like 
prisms. 


Rattanvine  {Berchemia  scandens) 
—  There  are  no  trichomes. 
Druses  occur  intercostally  and 
square  crystals  are  found  over 
the  veins.  Woody  tissue  has 
small  round  cells  and  contains 
both  types  of  crystals. 
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Sumac  {Rhus  copallina)—Lig\ilate, 
internally  segmented  trichomes 
have  swollen  bases  that  are 
usually  6-sided.  Cells  fit 
together  to  resemble  aUigator 
skin. 


Japanese  honeysuckle  (Lonicera 
japonica)—higu\ate,  hollow  tri- 
chomes have  6-sided  attach- 
ment cells.  Large  crystals  are 
not  abundant. 
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Oaks  (Quercus  spp.)— All  species 
have  compound  stellate  hairs 
that  vary  in  size.  Small  druses 
are  usually  abundant.  Some 
species  have  a  few  square  crys- 
tals. 


American  beautyberry  (Callicarpa 
americana)— Some  trichomes 
are  branched  or  compound  but 
most  are  stellate. 
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Wild  grape  leaves  {Vitis  spp.)— 
Trichomes  are  ribbon-like. 
Square  crystals  and  druses  are 
usually  along  the  veins,  and 
large  raphides  are  present  inter- 
costally. 


Dewberries  (Rubus  spp.)  — 
Medium  to  small  druses  occur 
in  tissues  with  angular  cells. 
Trichomes  are  Hgulate. 


Pine  (Pinus  spp.)— Large  stoma 
are  deployed  in  rows  with  paral- 
lel intercostal  cells.  There  are 
trifingular  cells  in  stoma  cor- 
ners. 
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Yaupon  (Ilex  vomitoria)— Short, 
ligulate  trichomes  are  present 
on  leaf  margins,  but  not  abun- 
dant. Medium  and  small  druses 
are  present. 


Greenbriars  (Smilax  spp.)— S. 
glauca  has  small  pappilae  while 
S.  pumila  has  long,  ligulate  tri- 
chomes with  2-celled  bases. 
Raphides  are  present  in  both 
species. 
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Blueberries  {Vaccinium  spp.)— 
Fragments  are  without  tri- 
chomes.  Druses  are  present 
intercostally  with  square  crys- 
tals  over  the  veins. 
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SUMMARY 

P-C-G  is  a  computer  program  written  in  FORTRAN  IV  and  has  the  capabili- 
ties of  producing  graphs  of  equations,  data  points,  running  skyline  problems, 
surveying  traverses,  or  user  supplied  programs.  In  addition  to  a  graph,  P-C-G 
produces  a  printed  output  which  serves  as  a  check  of  the  input  values  and  pro- 
vides detailed  information  on  intermediate  program  calculated  values.  A 
stand£U"d  procedure  or  format  is  provided  for  adding  specialized  user  written 
programs  such  as  the  running  skyline  and  surveying  options.  Several  exam- 
ples are  provided  with  the  documentation  to  illustrate  the  capabilities  and 
input  requirements  of  P-C-G. 
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P-C-G:  Producing  Computer  Graphs 


Jerry  L.  Koger,  Bryce  J.  Stokes,  and  Donald  L.  Sirois 


INTRODUCTION 

The  graphical  representation  of  equations  or  data 
is  often  a  practical  method  of  understanding  and 
explaining  complex  relationships.  With  the  graphing 
capability  of  computer  programs  such  as 
VERSAPLOT',  complex  graphs  can  be  accurately 
and  rapidly  produced.  However,  without  a  standard 
method  of  organizing  several  equations  or  programs, 
writing  the  necessary  FORTRAN  statements 
required  by  VERSAPLOT  is  time  consuming.  P-C-G 
was  written  to  provide  a  standard,  yet  flexible 
method  of  organizing  equations,  data,  or  specialized 
programs  which  can  be  used  by  VERSAPLOT  to 
produce  a  graph.  Although  the  user  does  not  have  to 
be  famihar  with  VERSAPLOT,  a  basic  knowledge  of 
FORTRAN  (McCracken  1972)  is  required. 

PROGRAM    CAPABILITIES 

P-C-G  is  a  computer  program  that  accepts  input, 
processes  it,  and  produces  printed  output  and  a 
graph.  P-C-G  is  capable  of  plotting  from  one  to  ten 
equations  per  graph  with  the  additional  options  of: 

1.  Providing  a  symbol  (i.e.  and  asterisk*)  at  each 
(x,y)  data  point.  This  option  is  useful  when  the 
data  points  used  to  develop  a  regression  equa- 
tion and  the  regression  equation  are  to  be 
graphed. 

2.  Providing  additional  text  information  on  the 
graph  other  than  the  title,  gixis-labels,  and  equa- 
tion descriptions. 

3.  Constructing  squares,  triangles,  etc.,  which  can 
be  used  to  enclose  text  information  or  identify 
points  on  the  graph. 

4.  Providing  a  variety  of  grid  patterns  on  the 
graph. 


'The  use  of  trade  or  corporate  names  is  for  reader  association  and 
convenience.  Such  use  does  not  constitute  an  official  evaluation, 
conclusion,  recommendation,  endorsement,  or  approval  of  any 
product  or  service  to  the  exclusion  of  others  which  may  be  suitable. 


5.  Performing  a  running  skyline  analysis  based  on 
the  equations  and  program  developed  by 
Carson(1975). 

6.  Performing  a  standard  land  surveying  analysis. 

7.  Providing  a  standard  format  for  graphing 
scaled  or  unsealed  (x,y)  data  points,  extra  equa- 
tions, and  user  written  programs. 

8.  Providing  a  printout  of  all  (optional)  program 
calculated  scaled  and  unsealed  values. 


COMPUTER    COMPATIBILITY 

P-C-G  is  written  in  FORTRAN  IV  and  has  been 
run  extensively  on  an  IBM  3031.  In  addition  to  the 
computer,  P-C-G  requires  an  off-line  Versatec  plotter 
with  the  associated  library  subroutines.  With  a  mod- 
est amount  of  additional  effort,  the  program  can  be 
converted  for  use  on  similar  sized  computer  systems 
utilizing  a  VERSAPLOT  (or  CALCOMP)  plotting 
package.  The  amount  of  total  core  storage  used  for  a 
medium  sized  job  is  approximately  196K: 
192K(FORT),  196K(LKED),  116K(G0),  and 
44K(PLOT).  Normal  CPU  time  is  0.50  minutes: 
0.43(FORT),  0.04(LKED),  O.Ol(GO),  and  0.02(PLOT). 


PROGRAM    AVAILABILITY 

A  punched  and  interpreted  source  deck  (1657 
cards)  of  P-C-G  can  be  obtained  from:  Engineering 
Research  Unit,  G.  W.  Andrews  Forestry  Sciences 
Laboratory,  U.S.  Forest  Service,  Devall  Street, 
Auburn  University,  Alabama  36849.  Phone:  (205) 
887-7542,  (FTS)  534-4518. 


P-C-G    GRAPHING    CONVENTIONS 

The  VERSAPLOT  plotting  software  operates 
under  the  concept  of  a  basic  planar  two  dimensional 
Cartesian  coordinate  system.  Depending  on  the  type 
of  plotter  and  installations  Hmits,  graphs  can  be  pro- 


Koger,  Stokes,  and  Sirois  are  Research  Engineers,  Forestry  Sciences  Laboratory,  Forest  Service  USDA,  Auburn,  Alabama. 


duced  having  an  x-axis  length  of  several  feet  and  a  y- 
axis  height  of  10  inches.  Although  VERSAPLOT 
contains  several  subroutines,  P-C-G  only  uses: 
PLOTS,  PLOT,  NEWPEN,  SYMBOL,  LINE,  and 
GRID. 

P-C-G  does  not  calculate  scale  values,  except  as  an 
option  in  the  surveying  program.  The  scales  must  be 
calculated  and  supplied  as  part  of  the  input  require- 
ments. The  scale  for  each  eixis  must  be  expressed  as 
the  number  of  units  (feet,  meters,  kilograms,  days, 
etc.)  per  inch  of  graph.  This  is  calculated  separately 
for  each  axis  (x  and  y)  as: 
j^    ,   _  maximum  axis  value  -  minimum  axis  vedue 

axis  length  (in  inches) 
For  example,  if  the  minimum  x  value  was  53.6  and  the 
maximum  x  vEilue  was  289.0,  then  the  x-axis  scale 
would  be  47.08  units  per  graph  inch  (i.e.  (289.0  -  53.6)/ 
5.0).  Although  this  value  could  be  used,  it  would 
cause  the  graph's  x-aixis  to  be  in  unhandy  multiples. 
In  order  to  obtain  a  more  readable  graph,  the  scale 
should  be  increased  from  47.08  to  50. 

P-C-G  does  not  calculate  the  x-axis  and  y-axis  val- 
ues placed  opposite  each  major  tic  mark.  The  user 
must  supply  these  values,  which  are  based  on  either 
the  actual  or  adjusted  scale,  as  part  of  the  input 
requirements.  In  the  above  example,  the  vedues  for 
the  major  tic  marks  on  the  x-axis  would  be:  50.0, 
100.0,  150.0,  200.0,  250.0,  and  300.0.  Each  value 
requires  a  separate  card.  In  the  surveying  option,  the 
X  and  y  axis  values  are  usually  not  needed  and  C£m  be 
omitted. 

P-C-G  allows  for  a  maximum  of  50  points  (x,y)  per 
equation  or  50  sides  in  a  survey  traverse.  The  appro- 
priate DIMENSION  statements  must  be  changed  if 
more  points  are  to  be  plotted.  For  example,  if  500 
points  are  to  be  plotted  per  equation  or  traverse,  then 
the  appropriate  DIMENSION  statements  would 
have  to  be  increased  to  502.  The  extra  two  spaces  eire 
needed  for  SUBROUTINE  LINE. 

The  input  unit  for  the  READ  statement  is  5  £ind 
the  output  unit  for  the  WRITE  statement  is  6.  These 
units  can  be  changed  in  the  source  deck  (near  the 
beginning,  below  the  DIMENSION  statements) 
through  the  variables  KR  and  KW. 

The  default  value  for  the  basic  plotting  unit  of  pen 
movement  is  in  inches  (i.e.  UNITS  =1.0).  Although 
the  user  can  change  to  pen  movements  in  feet,  yeirds, 
millimeters,  centimeters,  or  meters,  the  unit  of  pen 
movement  for  P-C-G  is  in  inches.  This  refers  only  to 
pen  movement  and  does  not  mean  that  graphs  with 
metric  units  can  not  be  produced.  The  user  should  be 
cautious  when  changing  to  non-inch  units  and  under- 
stand the  effect  this  has  on  all  pen  movements  and 
graph  size. 


INSERTING    EQUATIONS    AND 
PROGRAMS 


Equations  must  be  expressed  in  FORTRAN  and 
inserted  at  specific  locations  within  the  program  (Ap- 
pendices 1  &  2).  If  data  points  are  to  be  connected  by 
lines,  but  there  are  no  equations,  then  READ  (and 
FORMAT)  statements  can  be  used.  These  statements 
must  be  inserted  at  specific  locations  within  the  pro- 
gram. The  procedures  for  inserting  equations  or 
READ  statements  are  described  in  more  detail  in  the 
documentation  (Appendix  2). 

P-C-G  was  also  written  to  facilitate  the  graphing  of 
numerical  results  from  user  supplied  programs.  For 
example,  two  programs  have  already  been  incorpo- 
rated into  the  framework  of  P-C-G.  These  two  pro- 
grams (running  skyline  and  land  surveying)  were 
added  because  of  their  frequent  use  at  the  Auburn 
lab.  P-C-G  users  familar  with  FORTRAN  will  be  able 
to  add  their  own  programs  by  following  these  two 
examples.  The  card  types  referred  to  in  the  following 
discussion  of  these  programs  are  described  in  more 
detail  in  the  documentation  (Appendix  2). 


Running  Skyline  Program 


The  running  skyline  program  used  in  P-C-G  was 
originally  written  in  BASIC  by  Ward  Carson  (1975). 
Carson's  program  was  converted  to  FORTRAN  and 
can  be  accessed  by  Card  type  16a  (lEQN  =  11).  Card 
types  16b(l)  and  16b(2)  are  used  to  provide  informa- 
tion on  the  heights  of  the  headspar,  tailhold,  ground 
slope  and  log  weight.  If  the  non-standard  graph 
option  is  used,  then  YORG  in  card  type  7a  should 
have  a  minimum  value  of  3.0.  Logs  may  be  dragged  or 
lifted  free  of  the  ground.  By  using  a  READ  state- 
ment, the  ground  profile  can  also  be  plotted  (Appen- 
dix 8). 

P-C-G  requires  that  the  headspar  be  located 
(graphically)  to  the  left  of  the  tailhold.  The  projected 
trajectory  of  the  carriage  is  calculated  as  the  load  is 
moved  to  discrete  points  between  the  headspar  and 
tailhold. 

Although  10  sepeirate  running  skyline  problems 
could  be  analyzed  per  graph,  they  would  probably 
overlap  and  look  messy.  Normally,  only  one  skyline 
problem  should  be  used  per  graph.  The  information 
provided  below  the  x-axis  on  the  graph  is  for  the  first 
option  of  the  first  skyline  problem  analyzed.  How- 
ever, the  printed  output  gives  detailed  information  on 
all  the  running  skyline  problems. 


Surveying  Program 


EXAMPLES 


The  surveying  program  provides  a  graph  of  the 
traverse  (Appendix  9)  and  the  printed  output  pro- 
vides detailed  information  on  latitudes  and  depar- 
tures. The  standard  method  of  computing  latitudes 
and  departures,  the  sum  of  the  interior  angles,  emd 
error  of  closure  were  followed  (Breed  1971).  The  sur- 
veying program  is  accessed  by  card  type  16a 
(IEQN  =  12).  Card  type  16c(l)  is  used  for  supplying 
quadrant,  bearing,  and  distance  data. 

If  a  mathematically  closed  traverse  is  desired,  then 
the  interior  angles  are  balanced  (equal  error  distribu- 
tion) and  the  sides  are  adjusted  using  the  compass 
rule.  A  plot  of  the  unbalanced  and  unadjusted  trav- 
erse can  also  be  obtained.  This  option  is  useful  when  a 
graphical  representation  of  the  errors  (angles  and 
distances)  is  needed.  These  options  are  user  con- 
trolled inputs  and  are  described  in  card  type  16a. 

The  program  will  calculate  a  maximum  scale  for 
the  traverse  so  that  the  plot  will  just  fit  the  graph.  To 
use  this  option,  the  value  of  SCALEX  and  SCALEY 
in  card  type  12  should  be  0.0.  If  a  user  mistakenly 
chooses  a  scale  which  is  too  small  (but>0),  then  the 
program  will  calculate  a  new  scale.  This  necessary 
precaution  ensures  that  the  plot  of  the  traverse  is  not 
larger  than  the  graph. 

Normally,  card  types  2  and  3  should  be  left  blank. 
If  card  types  2  and  3  are  left  blank,  the  value  of  IXV, 
IXVN,  lYV,  and  lYVN  in  card  type  12  should  be  00. 
In  this  case,  card  types  12a  and  12b  can  be  skipped 
(not  even  a  blank  card  inserted).  If  the  non-standard 
option  is  used,  then  YORG  in  c£ird  type  7a  should 
have  a  minimum  value  of  3.0. 

Although  10  separate  traverses  could  be  analyzed 
per  graph,  they  would  probably  overlap  and  look 
messy.  Normally,  only  one  traverse  should  be  ana- 
lyzed per  graph.  The  information  provided  below  the 
X-axis  on  the  graph  is  for  the  first  option  of  the  first 
surveying  problem.  However,  the  printed  output 
gives  detailed  information  on  £ill  the  traverses  ana- 
lyzed. 


Several  examples  illustrating  input  requirements, 
program  insertion,  and  graphical  output  are  given  in 
Appendices  4  -  9.  A  brief  description  of  each  example 
is  given  in  table  1. 


Table  I.— Examples  illustrating  the  input  requirements  for  P-C-G 


Figure 

number    Appendix 


Example  illustrates 


X  and  y  axis  length  for  "standard  graph", 
axis  label  placement,  and  pen  sizes. 

Regression  line  with  "raw  data"  plotted. 

Multiple  equations  and  line  symbols. 

Origin  change,  negative  x  and  y  axis  lines, 
program  change  in  X(INREP)  to  obtain 
fractional  increments  of  x,  and  two  regres- 
sion hnes  with  separate  symbols  for  their 
"raw"  data  points. 


Running  skyline  analysis  with  log  lifting 
and  log  dragging  options,  READ  and 
FORMAT  statements  for  plotting  the 
ground  profile,  and  enclosed  text. 

Land  surveying  analysis. 
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Appendix  1-P-C-G  Macro  Flow  Chart 
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Appendix  2— Program  Documentation 


The  user  must  supply  data  cards  at  the  end  of  the  program.  In  addition, 
each  equation  or  READ  (and  FORMAT)  statement  must  be  inserted  at  a  specified 
location  (TSO  line  or  card  number)  in  the  program.  As  a  result  of  "built 
in"  default  values  (table  2),  not  all  of  the  following  data  card  types  are 
required.   Indented  card  types  are  optional  and  are  only  used  to  override 
the  default  values.  If  the  standard  default  values  are  to  be  used,  then 
card  types  5  thru  10a  must  be  omitted  (skipped,  not  even  a  blank  card 
inserted).  However,  if  any  of  the  default  values  are  to  be  changed,  then 
card  types  5-10  must  be  answered  along  with  the  appropriate  card  types  5a 
thru  10a.  The  use  of  data  card  types  with  subscripted  letters  (i.e.  5a, 
13a(l),  16a)  depends  on  the  preceding  value  of  the  non-subscripted  card 
type  (i.e.  5,  13,  16).  The  differences  between  card  types  subscripted  with 
a  letter  (i.e.  5a)  and  those  subscripted  with  a  letter  and  a  number  in 
parentheses  (i.e.  13a(l)  )  are  the  number  of  cards  required  and  their  input 
order.  The  order  and  purpose  of  each  data  card  type  are  shown  in  table  3. 

Table  2. --Default  values  used  in  P-C-G 

Graph  Item  Default  Value 

(x,y)  coordinates  of  user  graph  origin  (1.2,3.0)* 

(x,y)  starting  coordinates  of  graph  title  (0.0,0.0) 

(x,y)  starting  coordinates  of  x-axis  label  (0.0,-0.3) 

(x,y)  starting  coordinates  of  y-axis  label  (-0.7,0.0) 
pen  size  for  graph  title  4 

pen  size  for  x-axis  label  3 

pen  size  for  y-axis  label  3 

height  of  title  letters  0.14 

height  of  x-axis  label  0.12 

height  of  y-axis  label  0.12 

height  of  numbers  below  x-axis  tic  marks  0.10 
height  of  numbers  opposite  y-axis  tic  marks  0.10 
height  of  equation  labels(if  any)  0.08 

number  of  x-axis  tic  mark  descriptions  6 
number  of  y-axis  tic  mark  descriptions  6 
x-axis  length  5 

y-axis  length  5 

distance  between  major  tic  marks  1.00 

*  (1.2,3.0)  is  with  respect  to  the  plotting  paper; 
all  dimensions  are  in  inches 


Table  3. --Data  card  type  and  purpose 


Card 

Card 

Number 

Card 

Type  (CT) 

Required  ? 

Requir 

ed 

Purpose 

1 

Yes  ( 

;even  if  blank) 

1 

graph  title 

2 

Yes  ( 

[even  if  blank) 

1 

X-axis  label 

3 

Yes  ( 

[even  if  blank) 

1 

y-axis  label 

4 

Yes  ( 

'.  va" 

lue:  0  or 

1 

default  control 

5 

Yes  ( 

;va^ 

lue:  0  or 

1 

default  control 

5a 

Only 

if 

CT5  =  1 

0  or 

change  label  (x,y) 

6 

Yes  ( 

;  vai 

lue:  0  or 

1 

default  control 

6a 

Only 

if 

CT6=1 

0  or 

pen  label  sizes 

7 

Yes  ( 

[  vai 

lue:  0  or 

1 

default  control 

7a 

Only 

if 

CT7=1 

0  or 

graph  origin 

8 

Yes  ( 

:va^ 

lue:  0  or 

1 

default  control 

8a 

Only 

if 

CT8=1 

0  or 

label  heights 

9 

Yes  ( 

vai 

lue:  0  or 

1 

default  control 

9a 

Only 

if 

CT9=1 

0  or 

pen  axis  sizes 

10 

Yes  ( 

vai 

lue:  0  or 

1 

default  control 

10a 

Only 

if 

CT10=1 

0  or 

(x,y)  axis  descr. 

11 

Yes  ( 

vai 

ue:  0  or 

1 

default  control 

11a 

Only 

if 

CT11=1 

0  or 

grid  pattern 

12 

Yes 

1 

scales,  etc. 

12a 

* 

6  (norma 

lly) 

x-axis  descriptions 

12b 

* 

6  (norma 

lly) 

y-axis  descriptions 

13 

Yes 

1 

#  regression  eqs. 

13a(l) 

Only 

if 

CT13  >  0 

1/eqi 

nation 

equation  #,etc. 

13a(2) 

Only 

if 

CT13  >  0 

1/da 

ta  point 

(x,y)  of  data  point 

14 

Yes 

1 

#  of  text  lines 

14a 

Only 

if 

CT14  >  0 

1/te: 

xt  1 

ine 

text  description 

15 

Yes 

1 

#  of  boxes,  etc. 

15a(l) 

Only 

if 

CT15  >  0 

1/area 

#  of  (x,y)  points 

15a(2) 

Only 

if 

CT15  >  0 

l/#  1 

DO  in 

ts 

define  area 

16 

Yes 

1 

number  of  equations 

16a 

Yes  i 

f  CT16  >  0 

1/eqi 

nation 

equation  description 

16b(l) 

Only 

for 

•  Skyline 

option 

1/analys 

is 

headspar ,tai lhold,etc 

16b(2) 

Only 

for 

•  Skyline 

option 

1/analys 

is 

line  weights, friction 

16c(l) 

Only 

for 

•  Surveyir 

ig  opt. 

l/si( 

de 

bearings  &  distances 

*  (Opt 

ional ) 

:  One  card  i 

is  required  ■ 

for 

each 

description 

placed  opposite  the  big  tic  marks  and  one  card 
is  required  for  the  origin  description. 


1.  Card  type  1:  (required  even  if  left  blank) 

1  60cc 

I J  J  J  J /_/_/    TITLE   The  title  of  the  graph.  For  centering 

purposes  the  title  does  not  have 
to  start  in  card  column  1. 

2.  Card  type  2:  (required  even  if  left  blank) 
1  60  cc 

/_/_/_/_/ /_/_/_/   XAXIS   The  label  to  be  placed  below  the 

X-axis.  For  centering  purposes 
the  label  does  not  have  to  start 
in  card  column  1.  This  is  usually 
left  blank  when  using  the  surveying 
option. 

3.  Card  type  3:  (required  even  if  left  blank) 

1  60  cc 

/_/_/_/_/ /_/_/_/   VAX  IS   The  label  to  be  placed  opposite 

the  y-axis.  For  centering 
purposes  the  label  does  not  have 
to  start  in  card  column  1.  This 
is  usually  left  blank  when 
using  the  surveying  option. 

4  Card  type  4:  (required;  Value  of  0  or  1) 

1  cc 
/_/  IQKADT  =  0  if  the  default  values  are  not 

to  be  changed.   If  a  0  is  coded  in 
card  column  1,  then  skip  to  card 
type  11. 

=  1  if  any  of  the  default  values 
are  to  be  changed.   If  a  1  is  coded 
in  card  column  1,  then  card  types 
5-10  must  be  answered  along  with 
5a-10a  where  appropriate.       -: 

5.  Card  type  5:  (required  only  if  card  type  4=1) 

1  cc 
/_/  ICHiNGC  =  0  if  the  default  values  for  the 

coordinates  of  the  title,  x-axis, 
and  y-axis  labels  are  to  be  used. 
=  1  if  changes  in  any  of  these  values 
are  to  be  made. 

5a.  Card  type  5a:  (required  only  if  card  type  5=1) 

1     4   6  cc 

I J  J  J  'I  J  J  XCT    The  X  coordinate  of  the  graph  title 

(default  =  0.0). 
7     10  12  cc 

I J  J  J  'I  J  J  YCT    The  y  coordinate  of  the  graph  title 

(default  =  6.0). 
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13    16   18  cc 
I J  J  J  'J  J  J  XCX     The  X  coordinate  of  the  x-axis  label 

(default  =  0.0). 
19    22  24  cc 
I J  J  J  'I  J  J  YCX     The  y  coordinate  of  the  x-axis  label 

(default  =  -0.5). 
25    28  30  cc 
IJJ_I 'IJ_I  YXC     The  X  coordinate  of  the  y-axis  label 

(default  =  -0.7). 
31    34  36  cc 
I J  J  J  'I  J  J  YYC     The  y  coordinate  of  the  y-axis  label 

(default  =  0.0). 

Note:  The  above  (x,y)  coordinates  are 
the  starting  coordinates  of  the  A  FORMAT 
used  in  printing  the  labels. 

6.  Card  type  6:  (required  only  if  card  type  4=1) 

1  cc 
/_/  IPENCT  =  0  if  the  standard  pen  sizes  for  the 

title,  X-axis,  and  y-axis  labels  ^ro. 
to  be  used. 

=  1  if  changes  in  the  default  values 
are  to  be  made. 

6a.  Card  type  6a:  (required  only  if  card  type  6=1) 

1  cc 

/_/  IPENT   The  pen  size  (1-5)  used  in  drawing 

the  title  (default  =  4). 

2  cc 

/_/  IPENXA  The  pen  size  (1-5)  used  in  drawing 

the  X-axis  label  (default  =  3). 

3  cc 

/_/  IPENYA  The  pen  size  used  in  drawing  the 

the  y-axis  label  (default  =  3). 

7.  Card  type  7:  (required  only  if  card  type  4=1) 

1  cc 
/_/  lORGIN  =  0  if  the  standard  (x,y)  coordinates 

for  the  axis  intersection  or  graph 
origin  are  to  be  used. 
=  1  if  changes  in  the  default  values 
are  to  be  made. 

7a.  Card  type  7a:  (required  only  if  card  type  7=1) 

1     4     7  cc 
/_/_/_/./_/_/_/         XORG  The  x  coordinate  of  the  axis 

intersection  with  respect  to  the 
standard  used  by  the  plotting 
software  (default  =  1.2). 
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8    11     14  cc 
I  I  I  I.I  I  I  I 


YORG  The  y  coordinate  of  the  axis 

intersection  or  graph  origin  with 

respect  to  the  standard  used  by 

the  plotting  software  (default  =  3.0; 


8.  Card  type  8:  (required  only  if  card  type  4=1) 


1  cc 
/  / 


ITXYHT  =  0  if  the  standard  heights  are  to 
be  used  in  the  title,  x-axis  labels 
and  numbers,  y-axis  labels  and 
numbers,  and  equation  labels  (if  any) 
=  1  if  changes  in  the  default  values 
are  to  be  made. 


8a.  Card  type  8a:  (required  only  if  card  type  8=1) 


1     4  cc 
I  I.I  I  I 


5     8  cc 
I  I.I  I  I 


9     12  cc 
I  I.I  I  I 


13     16  cc 
I  I.I  I  I 


17     20  cc 
I  I.I  I  I 


21     24  cc 
I  I.I  I  I 


HIT  The  height  of  the  letters  or  symbols 
used  in  the  title  (default  =  0.14). 
Note:  height  and  width  are  related. 

HTXT  The  height  of  the  letters  or  symbols 
used  in  the  x-axis  label 
(default  =  0.12). 

HTYT  The  height  of  the  letters  or  symbols 
used  in  the  y-axis  label 
(default  =  0.12). 

HTXN  The  height  of  the  numbers  or  symbols 
used  as  unit  descriptions  below  each 
major  tic  mark  on  the  x-axis 
(default  =  0.10  ). 

HTYN  The  height  of  the  numbers  or  symbols 
used  as  unit  descriptions  opposite 
each  major  tic  mark  on  the  y-axis 
(default  =  0.10  ). 

HTEQL  The  height  of  the  letters  of  symbols 
used  to  label  equations 
(default  =  0.08). 


9.  Card  type  9:  (required  only  if  card  type  4=1) 


1  cc 
/  / 


lAXISL  =  0  if  the  standard  pen  sizes  used 

to  draw  the  axis  lines  and  tic  marks 
as  well  as  the  side  of  the  axis  line 
the  tic  marks  are  to  be  drawn  are  to 
be  used. 

=  1  if  changes  in  these  default  values 
are  to  be  made. 
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9a.  Card  type  9a:  (required  only  if  card  type  9=1) 

1  cc 

/_/  IXYAT  The  pen  size  (1-5)  used  to  draw  the 

X  and  y-axis  lines  (default  =  4) 

2  cc 

/_/  IBIGT  The  pen  size  (1-5)  used  to  draw  the 

big  tic  marks  (default  =  3). 

3  cc 

/_/  ILILT  The  pen  size  (1-5)  used  to  draw  the 

~  little  tic  marks  (default  =  2). 

4  cc 

/_/  ISIDET  =  0  if  tic  marks  d^re   to  be  drawn  on  the 

~  outside  of  the  axis  lines  (default=0). 

=  1  if  tic  marks  are  to  be  drawn  on  the 
inside  of  the  axis  lines. 
6  cc 
/_/_/  INXT  The  number  (>0)  of  big  tic  marks  on  the 

x-axis,  excluding  the  one  at  the 
origin  (default  =  5) . 
8  cc 
/_/_/  INYT  The  number  (>0)  of  big  tic  marks  on  the 

y-axis,  excluding  the  one  at  the 
origin  (default  =  5) . 
10  cc 
/_/_/  INLTPB  The  number  (>0)  of  little  tic  marks  per 

big  tic  mark  (default  =  1). 
11   13  15  cc 

/_/_/./_/_/  XAXISL  The  length  of  the  x-axis 

(default  =  5.0  ). 
16  18  20  cc 
/_/_/./_/_/  YAXISL  The  length  of  the  y-axis 

(default  =  5.0  ). 

10.  Card  type  10:  (required  only  if  card  type  4=1) 

1  cc 

/_/  IPLDFA  =  0  if  the  default  values  for  the 

~  starting  positions  of  the  x  and 

y-axis  unit  descriptions  and  their 
distance  from  the  axis  lines  are 
to  be  used. 

=  1  if  changes  in  these  default 
values  are  to  be  made. 

10a.  Card  type  10a:  (required  only  if  card  type  10  =  1) 

1   3   5  cc 
/_/_/./_/_/  SXCFN  The  starting  x  coordinate  for  the 

first  unit  description  used  on  the 
X-axis  (default  =  0.00) 
6   8   10  cc 
/_/_/./_/_/  DFXA  The  distance  the  unit  descriptions 

are  from  the  x-axis  (default=  -0.30). 
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11  13   15  cc 

I J  J  .1 J  J  SYCFN  The  starting  y  coordinate  for  the 

first  unit  description  used  on  the 
y-axis  (default  =  0.00). 
16  18  20  cc 

/_/_/./_/_/  DFYA  The  distance  in  inches  the  unit 

descriptions  are  from  the 
y-axis  (default  =  -0.70). 
21  23  25  cc 

/_/_/./_/_/  XSLINE  The  distance  the  x-axis  line 

is  to  start  from  the  origin 
(def ault=0.0) .  This  number  will 
be  negative  when  drawing  a  x  axis 
line  to  the  left  of  the  origin. 
26  28  30  cc 

/_/_/./_/_/  YSLINE  The  distance  the  y-axis 

line  is  to  start  from  the  origin 
(default=0.0).  This  number  will 
be  negative  when  drawing  a  y-axis 
1 ine  below  the  origin. 

11.  Card  type  11:  (required;  value  0  or  1) 

1  cc 
/_/  IGRID  =  0  if  a  grid  overlay  is  not  used. 

=  1  if  a  grid  overlay  is  used. 

lia.  Card  type  11a:  (required  only  if  card  type  11  =  1) 

2  cc 
/_/_/  NXG  The  number  of  vertical  grid  lines 

per  big  tic  mark  on  the  x-axis. 
4  cc 
/_/_/  NYG  The  number  of  horizontal  grid  lines 

per  big  tic  mark  on  the  y-axis. 
6  cc 
/_/_/  IGRIDN  The  grid  pattern  number  which  is 


12.  Card  type  12:  (required) 


used  to  control  the  size  of  the 
grid  lines  (suggest  08). 


1  cc 

/_/  IWRTE  =  0  if  only  the  last  (x,y)  scaled 

and  unsealed  values  for  each  equation 
are  to  be  listed  on  the  printed  output, 
=  1  if  all  the  scaled  and  unsealed 
values  for  each  equation  are  to  be 
listed  on  the  printed  output. 
3  cc 

/_/_/  IXV  The  number  of  separate  unit 

descriptions  used  below  each  big  tic 
mark  on  the  x-axis.  This  will  normally 
be  06  (i.e.  one  for  the  origin  plus 
one  for  each  of  the  five  big  tic  marks 
on  the  x-axis).  This  is  normally 
00  for  the  surveying  option. 


14 


5  cc 
/  /  / 


7  cc 
/  /  / 


9  cc 
/  /  / 


10        16     19 
I  I  I  I  I  I  I .1  I  I  I 


IXVN  This  should  normally  be  10.  It  is 
the  maximum  width  of  the  A-FORMAT 
used  in  the  x-axis  descriptions. 
This  is  normally  00  for  the 
surveying  option. 

lYV  The  number  of  separate  unit 

descriptions  used  opposite  each 
big  tic  mark  on  the  y-axis. 
This  will  normally  be  06  (i.e. 
one  for  the  origin  plus  one  for 
each  of  the  five  big  tic  marks 
on  the  y-axis.  This  will  normally 
be  00  for  the  surveying  option. 

lYVN  This  should  normally  be  06.  It  is 
the  maximum  width  of  the  A-FORMAT 
used  in  the  y-axis  descriptions. 
This  will  normally  be  00  for  the 
surveying  option. 


cc 

SCALEX 


20         26    29 
I   I  I  I  I  I  I.I   I  I  I 


cc 


The  change  in  x  with  respect  to 

one  inch  along  the  x-axis.  This 

is  normally  calculated  as: 

(max  x  -  min  x)/(x-axis  length). 

This  value  can  be  rounded  to  obtain 

"neater"  increments  on  the  x-axis. 

Although  there  may  be  several  equations 

per  graph,  there  is  only  one  value 

for  SCALEX  per  graph. 

In  the  surveying  option,  SCALEX 

can  be  given  a  zero  (0.0)  value.  If 

given  a  value  of  0.0,  the  program 

caluclates  the  largest  scale  that 

wi 11  fit  on  the  graph. 


SCALEY  The  change  in  y  with  respect  to  one 
inch  along  the  y-axis.  This  is 
normally  calculated  as: 
(max  y  -  min  y)/(y-axis  length). 
This  value  can  '   rounded  to  obtain 
"^^,fo>oH  .:       ^  Q^  |-|^g  y-axis. 

/  be  several  equations 

is  only  one  val ue 

aph. 

option,  SCALEY 

value  used 


30 
I  I  I  I  I  L 


40 
I  I  I  I  I 


X   the  graph  origin, 
jin  of  (0.0, y.y) ,  this 


at  the  graph  origin, 
igin  of  (x.x,0.0) ,  this 
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12d.  Card  type  12a:  (required  if  descriptions  are  placed  below 

the  big  tic  marks  on  the  x-axis) 

1        6      10  cc 
I J  J  J  J  J  J  J  J  J  J  XAXV  The  numbers  or  labels  to  be  placed 

below  the  x-axis  (at  the  origin  and 
at  each  big  tic  mark).  The  number  of 
cards  required  will  be  equal  to  the 
value  of  IXV  in  Card  Type  12. 
A  number  or  symbol  coded  in 
card  column  6  will  be  printed 
directly  below  the  big  tic 
marks.  This  is  an  A  FORMAT. 
In  the  surveying  option,  these  cards 
are  usually  not  required,  especially 
if  the  value  of  SCALEX  is  zero. 

12b.  Card  type  12b:  (required  if  descriptions  are  placed  opposite 

the  big  tic  marks  on  the  y-axis). 

1        6  cc 
I J  J  J  J  J  J  YAXV  The  numbers  or  labels  to  be  placed 

opposite  the  y-axis  (at  the  origin  and 
at  each  big  tic  mark).  The  number  of 
cards  required  will  be  equal  to  the 
value  of  lYV  in  card  type  12.  The 
number  or  symbol  should  be  right 
justified.  This  is  an  A  FORMAT. 
In  the  surveying  option,  these  cards 
are  usually  not  required,  especially 
if  the  value  of  SCALEX  is  zero. 

13.  Card  type  13:  (required;  value  0  or  1) 

1  cc 

/_/  IPLOTP  =  0  if  no  "raw"  data  points  are  to 

plotted  with  the  regression  line. 
=  1  if  "raw"  data  points  are  to  be 
plotted  with  the  regression  line. 

2  3  cc 

/_/_/  INEQP  The  number  (00-10)  of  regression 

equations  with  data  points  plotted. 

13a(l).  Card  type  13a(l):  (required  only  if  IPLOTP  >  0  in  card  type  13) 

2  cc 
/_/_/  NPTBP  The  number  of  data  points  to  be 

plotted  with  this  equation. 

3  cc 

/_/  ASYMBP  The  symbol  (i.e.  *,$,etc.)  used 

to  locate  the  points  (x,y)  on 
the  graph. 

13a(2).  Card  type  13a(2):  (required  only  if  IPLOTP  >  0  in  card  type  13) 

1         7     10  cc 
/_/_/_/_/_/_/./_/_/_/    X(IU)  The  unsealed  X  coordinate  of  the 

data  point. 
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11         17    20  cc 
I J  J  J  J  J  J  -I  J  J  J         Y(IU)  The  unsealed  y  coordinate  of  the  data 

point.  One  card  will  be  required  for 
each  data  point.  There  will  be  as  many 
card  type  13a(l)  cards  as  specified  by 
INEQP  in  card  type  13.  There  will 
be  as  many  card  type  13a(2)  cards  as 
specified  by  NPTBP  in  card  type 
13a(l). 

14.  Card  type  14:  (required;  value  00-20) 

2  cc 
/_/_/  NLTEXT  The  number  of  lines  (00-20)  of 

aditional  text  used  on  the  graph. 
3   5   7  cc 
/_/_/./_/_/  TEXTH  The  height  of  the  text  lettering. 

If  NLTEXT>0  suggest  0.08.  If  NLTEXT=0, 
then  TEXTH=0.0. 

14a.  Card  type  14a:  (required  only  if  NLTEXT  >  0  in  card  type  14). 

1     4     7  cc 
/_/_/_/./_/_/_/        X(IW)  The  x-coordinate  in  actual  graph 

inches  for  the  beginning  of  the 

text  line. 
8     11    14  cc 
/_/_/_/./_/_/_/        Y(IW)  The  y~coordinate  in  actual  graph 

inches  for  the  beginning  of  the 

text  line. 
15        34  c 
/_/_/ /_/_/    GTEXT(IX,IY)  The  line  of  text  (letters,  symbols, 

or  numbers ,  if  any) . 

15.  Card  type  15:  (required;  value  00-20) 

2  cc 
/_/_/  lAREAN  The  number  (00-20)  of  figures 

(triangles,  etc.)  or  additional 
lines  to  be  drawn  on  the  graph. 

15a(l).  Card  type  15a(l):  (required  only  if  lAREAN  >  0  in  card  type  15) 

2  cc 
/_/_/  IPTPAR  The  number  of  points  (x,y)  for  each 

side  of  the  figure,  plus  1.  A  four 
sided  figure  would  require  5  points. 
The  fifth  (x,y)  point  must  be  a 
repetition  of  the  first  \^^)i)    point. 

15a(2).  Card  type  15a(2):  (required  only  if  lAREAN  >  0  in  card  type  15; 

the  number  of  cards  required  depends  on  the 
value  of  IPTPAR  in  card  type  15a(l)) 

1         7     10  cc 
I  I   I  I  I  I  I .1   I  I  I         X(IC)  The  x-coordinate  of  the  figure. 
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11        17     20  cc 
I  I  I  I  I  I  I  J  I  I  I         Y(IC)  The  y-coordinate  of  the  figure. 


16.  Card  type  16.  (required;  value  00-10) 

2  cc 
/_/_/  INOEQ  The  number  (00-10)  of  equations 

(or  READ  statments)  to  be  graphed. 
In  the  running  skyline  and  surveying 
options  this  is  normally  equal  to  01. 

16a.  Card  type  16a:  (required  if  INOEQ  in  card  type  16  is  >  0). 

2  cc 

/_/_/  lEQN  The  equation  number.  Equation 

numbers  01-10  require  the  user 
to  make  changes  in  the  main 
program  (discussed  later). 
=  11  for  running  skyline  program 
=  12  for  surveying  program 
3   5  cc 

/_/_/_/  ILINET  =  0  if  data  points  are  to  be  connected 

by  lines. 

=  +#  if  data  points  are  to  be  connected 
by  lines  and  plotting  symbols.  A 
+4  would  indicate  that  a  special  symbol 
is  to  be  plotted  at  ^\iqv)i   fourth 
point. 

=  -#  if  only  the  symbol  is  to  be 
plotted  (no  line  would  be  drawn). 
6    8  cc 

I J  J  J  ILNTEQ  The  integer  equivalent  for  a  symbol 

to  be  used  when  ILINET  is  not  0.  If 
ILINET  is  0,  then  ILNTEQ  should  be  0. 
Appendix  3  contains  the  symbols 
allowed  by  VERSAPLOT  and  the 
corresponding  code  number. 

9  cc 

/_/  IPENBE  The  pen  size  (1-5)  used  in  drawing 

the  line  connecting  the  points. 
See  figure  3  for  examples  of 
different  pen  sizes. 

10  14  cc 

/_/_/_/_/_/  lEQLL  The  lower  limit  of  the  x  variable 

in  the  equation.  This  must  be  an 
integer  greater  than  0. 
In  the  running  skyline  analysis,  this 
is  the  first  point  for  which  line 
tensions  are  calculated.  It  should  be 
100  feet  greater  than  the  x  coordinate 
of  the  headspar. 

In  the  surveying  program,  this  will 
always  be  1. 
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15     19  cc 

I J  _l  J  J  J  lEQUL  The  upper  limit  of  the  x  variable 

in  the  equation.  This  must  be  an 
integer  greater  than  or  equal  to  lEQLL. 
In  the  running  skyline  analysis,  this 
is  the  last  point  for  which  line 
tensions  are  caluclated.   It  should  be 
100  feet  less  than  the  x  coordinate 
of  the  tai Ihold. 

In  the  surveying  program,  this  is 
the  number  of  sides  in  the  traverse. 
20     24  cc 

/_/_/_/_/_/  lEQIN  The  integer  amount  x  is  to  be 

increased  at  each  repetition. 

In  general : 

lEQIN  =  (IEQUL-IEQLL)/(n-l) 

where  n  is  equal  to  the  number  of 

points  to  be  plotted  (per  equation),  n 

can  not  exceed  50  unless  the  DIMENSION 

statements  are  changed.  If  the  equation 

is  a  straight  line,  then  only  a  few 

points  would  need  to  be  plotted  and 

n  could  have  a  value  of  3  or  4. 

When  the  the  value  of  lEQIN  is 

calculated  by  the  above  expression, 

the  value  obtained  must  be  rounded 

up  to  the  next  largest  integer. 

Fractional  increases  in  x  can  be 

obtained  by  the  method  illustrated 

in  appendix  7. 

In  the  surveying  program,  this  will 

always  be  1. 
25     29  cc 

I  I  I  I  I  I  INEGX  The  integer  amount  subtracted 

from  X  variable  at  each 
repetition  and  is  normally  00. 
It  is  used  when  negative  values 
of  X  are  to  be  graphed. 
30  38  cc 

/_/_/_/_/_/_/_/./_/      STLX  This  is  normally  0.0. 

In  the  surveying  option,  it  is 
the  number  of  units  per  foot. 
For  example,  STLX: 
=  16.5  if  the  survey  is  in  poles 
=  1.0  if  the  survey  is  in  feet. 
39  47  zz 

/JJJJJJJ JJ  STLY  This  is  normally  0.0. 

In  the  surveying  option  it  is 

a  code  for  the  direction  of  the 

survey  and  for  balancing  interior 

angles.   In  this  case  STLY: 

=  0.0  for  a  clockwise  survey  with 

interior  angles  balanced  before 

plotting. 

=  1.0  for  a  counter  clockwise  survey 

with  interior  angles  balanced  before 

plotting. 

=  -1.0  if  interior  angles  are  not 

to  be  balanced  before  plotting 


19 


49      67  cc 

/_/ /_/_/  EQNAMEdP,  IPl)    The  description  or  equation  form 

which  will  be  printed  to  the  right 
of  the  last  (x,y)  coordinates 
computed.  This  should  normally  be 
left  blank  when  using  the  running 
skyline  and  surveying  options. 

16b(l).  Card  type  16b(l):  (required  only  for  running  skyline) 

1  cc 

/  /  ILIFT  =  0  if  logs  are  lifted  completely 

~  =  1  if  logs  are  dragged 

2  8  cc 

/_/_/_/_/_/./_/        HSBXC  The  horizontal  distance,  in  feet, 

the  headspar  is  from  the  graph 
origin.  The  headspar  must  be  located 
(graphically)  to  the  left  of  the 
tai Ihold. 
9         15  cc 

/_/_/_/_/_/./_/        HSBEL  The  elevation,  in  feet,  at  the  base 

of  the  headspar. 
16    19  21  cc 

/_/_/_/./_/_/         HSHTFT  The  height,  in  feet,  of  the  headspar. 

22        28  cc 
/_/_/_/_/_/./_/        THBXC  The  horizontal  distance,  in  feet, 

the  tai Ihold  is  from  the  graph 
origin.  The  tailhold  must  be 
located  (graphically)  to  the  right 
of  the  headspar. 
29        35  cc 
/_/_/_/_/_/./_/        THBEL  The  elevation,  in  feet,  at  the  base 

of  the  tailhold. 
36   39   41  cc 
/_/_/_/./_/_/         THFTFT  The  height,  in  feet,  of  the  tailhold. 

42       47  cc 
/_/_/_/_/_/./         WTLOAD  The  weight,  in  pounds,  of  the  logs. 

48       53  cc 
/_/_/_/_/_/./  WTCAR  The  weight,  in  pounds,  of  the  carriage. 

54        60  cc 
/_/_/_/_/_/_/./        WORKTN  The  safe  working  tension  of  the 

haulback  line. 

16b(2).  Card  type  16b(2):  (required  only  for  running  skyline) 

1   3   5  cc 

/_/_/./_/_/  WTHBLF  The  weight,  in  pounds  per  linear 

foot  of  the  haulback  line. 
6   8   10  cc 

/_/_/./_/_/  WTMSLF  The  weight,  in  pounds  per  linear 

foot  of  the  main  plus  slack  lines. 
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11    14  16  cc 
I J  J  J 'I  J  J  DRAGA  The  angle,  in  degrees,  the  logs 

make  with  the  ground  during  yarding. 
17   20   22  cc 

/_/_/_/./_/_/         FRICTC  The  coefficient  of  friction  between 

the  log  and  ground  (i.e.  0.60). 
23  25   27  cc 

/_/_/./_/_/  CHOKER  =  (log  length/distance  from  front  of 

log  to  point  of  choker  attachment). 

16c(l).  Card  type  16c(l):  (required  for  surveying  option,  one  card 

needed  for  each  side  of  the  traverse). 

1  cc 
/_/  IQD  -  1  for  due  North  and  Northeast 

bearings. 
=  2  for  Northwest  (or  due  North) 

bearings . 
=  3  for  due  South  and  Southwest 
bearings. 

=  4  for  Southeast  (or  due  South) 
bearings . 
3  4  cc 
/_/_/  IBD  The  compass  bearing  in  degress 

(as  measured  from  North  or  South). 
6  7  cc 

/_/_/  IBM  The  compass  bearing  in  minutes. 

9        14  16  cc 
/_/_/_/_/_/./_/_/        DST  Length  of  traverse  side. 


INSERTING  EQUATIONS  OR  READ  STATEMENTS 

In  addition  to  completing  the  data  card  types,  the  user  must  make  changes 
in  the  main  program  if  equations  or  READ  (and  FORMAT)  statements  are  used. 
The  equations  can  be  any  executable  FORTRAN  expression,  but  they  must  be 
expressed  in  the  general  form  of: 

Y(INREP)=function[  X(INREP)  ] 

The  function  can  be  any  mathematical  equation  or  relationship  that  can  be 
expressed  by  FORTRAN  statements.  These  user  supplied  equations  (a  maximum 
of  10)  must  be  inserted  in  specific  places  in  the  program  (not  with  the  data 
cards).  At  the  specific  locations  within  the  program  (table  4),  the 
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Table  4.  Program  TSO  line  locations  for  inserting 
equations  or  READ  and  FORMAT  statements. 


User  Written  Equation  Specific 

or  READ  Statement 

Number* 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


*  Equation  number  refers  to  the  user  supplied  value  for 
lEQN  in  card  type  16A  in  the  documentation. 


TSO  Line 

TSO  Line 

Number 

Number  Range 

76900 

75800-77400 

78600 

77500-78900 

80200 

79200-80700 

81900 

80800-82600 

83800 

82700-84200 

85400 

84300-85800 

87000 

85900-87400 

88600 

87500-89000 

90200 

89100-90600 

91800 

90700-92200 

existing  FORTRAN  expression  YdNREP  )  =  Y0LIFIX  will  have  to  be  changed  to  the 
user  supplied  equations.  Normally,  only  the  Y( INREP )=YOUFIX  in  the  main 
program  will  require  changing.  For  example,  if  the  equation  y=10+5x  is  to 
be  graphed,  then  the  following  FORTRAN  statement  would  have  to  be  written 
and  inserted  by  the  user  at  line  number  76900  in  the  source  deck  (assumes  that 
lEQN  in  card  type  16a  is  01).  This  would  replace  the  current  expression  of 
Y(INREP)=Y0UFIX. 


7  cc 
Y(INREP)=10.0+5.0*X(INREP) 


@  1 ine  number 
76900 


In  some  cases,  a  line  is  needed  to  connect  data  points  for  which  there  is 

no  equation.   In  this  case,  READ  and  FORMAT  statements  can  be  used.  The 

general  form  is: 

READ(KR,nnnn)X(INREP),Y( INREP) 
nnnn  FORMAT(F  type  format) 

For  example,  if  the  data  points  are  available  and  in  the  form  of 

iy.^.)^,yyy.yy) ,   then  the  following  FORTRAN  statements  would  have  to  be  user 

written  and  inserted  in  the  main  program  beginning  at  line  number  76900 

(assumes  that  lEQN  in  card  type  16a  is  01). 
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7  cc  @  line  number 

READ(KR,2370)X(INREP),Y(INREP)  76900 

2370  F0RMAT(F4.1,F6.2)  76905 

If  several  lines  are  to  be  drawn  using  READ  and  FORMAT  statements,  and 
the  (x,y)  input  values  for  the  different  lines  all  have  the  same  FORMAT 
(i.e.  2F4.1),  then  the  value  of  lEQN  in  card  type  16a  can  be  the  same. 

The  card  or  TSO  line  numbers  shown  in  Table  4  correspond  to  the  locations 
where  the  equations  (or  READ  and  FORMAT)  statements  must  be  user  written  and 
inserted  in  the  program.  These  TSO  line  numbers  are  based  on  the  use  of  6 
JCL  cards  and  a  program  line  numbering  sequence  of  100  (i.e.  RENUM  100  100). 
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Appendix  3— Plotting  Symbols  and  Code  Numbers 


Figure  2. 
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Appendix  4— Standard  Graph.  (User  supplied  equations  and  data 
required  to  produce  figure  3.) 


Figure  3.--X  and  y  axis  lengths  for  the  "standard  graph"  and  available  pen  sizes 


TITLE  OF  GRAPH 


Y  (5)  _ 


T  (M)  _ 


UJ 

to 

cr 


<n 


T  (3)_ 


2     T(2) 
I 


T  (1)  _ 


T  (0) 


X  (0)  X(l) 


■^ r 

X  (2) 


PEN     S  i  ZE  =  1 


PEN     SI  ZE-2 


PEN    SIZE-3 


PEN    SlZE-q 


PCN    SIZE-S 


"^ 1 ^ 

X  (3) 
X-fiXIS    LABEL 


X  m)  X  (5) 
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Y(INREP)=3.5 


Y(INREP)=3.0 


Y(INREP)=2.5 


Y(INREP)=2.0 


Y(INREP)=1.5 


Program  Listing  1. --FORTRAN  statements  used  in  figure  3. 
(Equations  inserted  at  TSO  line  numbers 
76900,  78600,  80200,  81900,  and' 
83800,  respectively. 


//GO.SYSIN  DD  * 

TITLE  OF  GRAPH 

X-AXIS  LABEL 
Y-AXIS  LABEL 


0 
0 

006100606 
X(0) 
X(l) 
X(2) 
X(3) 
X(4) 
X(5) 
Y(0) 
Yd) 
Y(2) 
Y(3) 
Y(4) 
Y(5) 
000 

0000.00 
00 
05 
01 
02 
03 
04 
05 
II 


01 
02 
03 
04 
05 


1.0 


1.0 


0.0 


0.0 
0.0 
0.0 
0.0 
0.0 


0.0 


0.0  PEN  SIZE=1 

0.0  PEN  SIZE=2 

0.0  PEN  SIZE=3 

0.0  PEN  SIZE=4 

0.0  PEN  SIZE=5 


Data  Set  l.--Data  cards  used   in  figure  3 
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Appendix  5— Regression  Line  with  Data  Points  Plotted.  (User 

supplied  equations  and  data  required  to  produce  figure  4) 


Figure  4. --Regress  ion    line  with  data  points   plotted 


TREE    AGE    VERSUS   HEIGHT 


H7  =  5. 6     ♦     1  .  5«flGE 


75^ 


60_ 


45_ 


o 


UJ         30j 

GC 


15_ 


-I ' 1 ' 1 ' r 

10  20  30  HQ 

TREE    RGE     (TEARS) 


■^ 1 

50 


27 


Y(INREP)=5.61+1.5*X(INREP) 


Program  Listing  2. --FORTRAN  statements  used  in  figure  4. 

(Equation  inserted  at  TSO  line  number 
76900) 


//GO.SYSIN  DD  * 

TREE  AGE  VERSUS  HEIGHT 
TREE  AGE  (YEARS) 
TREE  HEIGHT  (FEET) 
0 
0 

006100606  10.0  15.0  0.0  0.0 
0 
10 
20 
30 
40 
50 
0 

15 
30 
45 
60 
75 
101 
05* 

10.1  15.2 

20.2  40.5 
32.6  54.1 
39.0  66.0 
48.0     71.2 

0000.00 

00 

01 

01   0  02   10   50    5    0     0.0     0.0  HT=5.6  +  1.5*AGE 

// 


Data  Set  2. --Data  cards  used  in  figure  4 


28 


Appendix  6— Multiple  Equations  and  Line  Symbols.  (User  supplied 
equations  and  data  required  to  produce  figure  5) 


Figure  5. --Multiple  equations  with  line  symbols 


NRTURflL     (LN)     AND    COMMON     (LOG)     LOGARITHMS 


6.5^ 


5.2_ 


3.9_ 


2.6_ 


1.3_ 


T ' r ' r 
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Y  =  LOG  (X) 


T-  ]  /LOG  (X) 
Y= 1 /LN  IX) 


400 


500 
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Y(INREP)=ALOG(X(INREP)) 
Y(INREP)=AL0610(X(INREP)) 
Y(INREP)=1.0/AL0G(X(INREP)) 
Y(INREP)=1.0/AL0G10(X(INREP)) 


Program  Listing  3. --FORTRAN  statements  used  in  figure  5 

(Equations  inserted  at  TSO  line  numbers 
76900,  78600,  80200  and  81900,  respectively) 


//GO.SYSIN  DD  * 

NATURAL  (LN)  AND  COMMON  (LOG)  LOGARITHMS 

(X) 
Y  =  F(X) 
0 
0 

006100606   100.0      1.3      0.0     0.0 
0 

100 
200 
300 
400 
500 
0 
1.3 
2.6 
3.9 
5.2 
6.5 
000 

0000.00 
00 
04 

01  10  02    5  500   10    0     0.0     0.0  Y=LN(X) 

02  05  12    5  500   10    0    0.0    0.0  Y=LOG(X) 

03  15  22    5  500   10    0     0.0     0.0  Y=1/LN(X) 

04  15  52    5  500   10    0     0.0     0.0  Y=1/L0G(X) 
// 


Data  Set  3. --Data  cards  used  in  figure  5 
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Appendix  7— Non-Standard  Graph.  (User  supplied  equations  and  data 
required  to  produce  figure  6) 


Figure  6. --Changes    in   axis   length  and   origin 
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X(INREP)=X(INREP)/10.0 

Y  (I NREP)  =  1. 503518+0. 310558*X( I NREP)+( 0.132005* 
1X(INREP)*X(INREP))+(0.020165*X(INREP)*X(INREP)* 
2X(INREP)) 

X(INREP)=X(INREP)/10.0 

Y(INREP)=-0. 770990+1. 423042*X (I NREP)-( 0.203330* 
1X(INREP)*X(INREP))+(0.020165*X(INREP)*X(INREP)* 
2X(INREP)) 

Program  Listing  4. --FORTRAN  statements  used  in  Figure  6. 

Y(INREP)  equations  inserted  at  TSO  line 
numbers  76900  and  78600  respectively 
Note  the  use  of  X(INREP)=X( INREP)/10.0 
to  obtain  fractional  units  of  X. 


//GO.SYSIN  DC 

)  * 

ID=LOGK'  VS. 

LOOP 

LOC  P 

LOG  K' 

1 

1 

-1.25  4.75 

1.5  -0.5  -0.7 

0 

1 

4.2    3.0 

0 

1 

432006060106. 

0006.0 

1 

-3.00-0.30-2. 

00-0.70-3.00-2.00 

0 

107100706 

2.0      1.0 

-6.0 

-4.0 

-2.0 

2.0 

4.0 

6.0 

-2.0 

-1.0 

1.0 

2.0 

3.0 

4.0 

102 

21+ 

0.86 

0.93 

1.05 

1.52 

-0.08 

1.80 

0.84 

1.44 

-0.08 

1.66 

-0.11 

1.70 

0.0 


0.0      0.0 
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29* 


0.90 

2.65 

2.15 

3.77 

0.25 

1.53 

-0.35 

1.52 

-0.35 

1.54 

-0.16 

0.99 

-0.72 

1.65 

-2.10 

1.04 

-1.82 

0.86 

1.40 

1.54 

-1.40 

1.34 

-2.04 

1.23 

-2.84 

0.51 

-4.08 

0.25 

-4.25 

-0.12 

1.47 

0.93 

2.35 

1.52 

2.63 

1.80 

2.59 

1.80 

2.17 

1.44 

2.49 

1.66 

2.42 

1.70 

3.38 

2.65 

5.01 

3.77 

1.95 

1.53 

2.00 

1.52 

1.93 

1.54 

1.58 

0.99 

1.34 

0.78 

1.70 

1.03 

1.60 

0.97 

2.24 

1.65 

1.50 

1.04 

1.58 

0.86 

2.40 

1.76 

1.93 

1.53 

1.77 

1.39 

2.91 

2.30 

1.7fi 

1      C/l 

// 


Data 


0.0 
0.0 


0.0     ALK 
0.0     OCT 


33 


X(INREP)=X(INREP)/10.0 

Y( I NREP)=1. 503518+0. 310558*X(INREP)+( 0.132005* 
1X(INREP)*X(INREP))+(0.020165*X(INREP)*X(INREP)* 
2X(INREP)) 

X(INREP)=X(INREP)/10.0 

Y( I NREP)=-0. 770990+1. 423042*X( I NREP)-( 0.203330* 
1X(INREP)*X(INREP))+(0.020165*X(INREP)*X(INREP)* 
2X(INREP)) 

Program  Listing  4. --FORTRAN  statements  used  in  Figure  6. 

Y(INREP)  equations  inserted  at  TSO  line 
numbers  76900  and  78600  respectively 
Note  the  use  of  X(INREP)=X(INREP)/10.0 
to  obtain  fractional  units  of  X. 


//GO.SYSIN  DC 

)  * 

ID=LOGK'  VS. 

LOGP 

LOG  P 

LOG  K' 

1 

1 

-1.25  4.75 

1.5  -0.5  -0.7 

0 

1 

4.2    3.0 

0 

1 

432006060106. 

0006.0 

1 

-3.00-0.30-2. 

00-0.70-3.00-2.00 

0 

107100706 

2.0      1.0 

-6.0 

-4.0 

-2.0 

2.0 

4.0 

6.0 

-2.0 

-1.0 

1.0 

2.0 

3.0 

4.0 

102 

21+ 

0.86 

0.93 

1.05 

1.52 

-0.08 

1.80 

0.84 

1.44 

-0.08 

1.66 

-0.11 

1.70 

0.0 


0.0      0.0 
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0.90 

2.65 

2.15 

3.77 

0.25 

1.53 

-0.35 

1.52 

-0.35 

1.54 

-0.16 

0.99 

-0.72 

1.65 

-2.10 

1.04 

-1.82 

0.86 

1.40 

1.54 

-1.40 

1.34 

-2.04 

1.23 

-2.84 

0.51 

-4.08 

0.25 

-4.25 

-0.12 

29* 

1.47 

0.93 

2.35 

1.52 

2.63 

1.80 

2.59 

1.80 

2.17 

1.44 

2.49 

1.66 

2.42 

1.70 

3.38 

2.65 

5.01 

3.77 

1.95 

1.53 

2.00 

1.52 

1.93 

1.54 

1.58 

0.99 

1.34 

0.78 

1.70 

1.03 

1.60 

0.97 

2.24 

1.65 

1.50 

1.04 

1.58 

0.86 

2.40 

1.76 

1.93 

1.53 

1.77 

1.39 

2.91 

2.30 

1.76 

1.54 

2.00 

1.34 

1.91 

1.23 

0.95 

0.51 

0.79 

0.25 

0.55 

-0.12 

0000.00 

00 

02 

01  0  03 

2   86 

4   58 

0.0 

0.0  ALK 

02  0  03 

2   62 

4   10 

0.0 

0.0  OCT 

// 


Data  Set  4. --Data  cards   used    in  figure  6 
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Appendix  8— Running  Skyline  Analysis.  (User  supplied  READ  (and 
FORMAT)  statement  and  data  required  to  produce 
figure  7) 


Figure  /.--Projected  cable  pathway  (log   lifted   and   log 
log  dragging  options)   and   ground  profil 


RUNNING    SKYLINE    flNflLTSIS 


900  _ 


800- 


700_ 


lU 


z 
o 


(X 

> 

UJ 


600_ 


500_ 


MOO. 


HEflDSPRR 


HOLD 


D     PROF  I  LE 


-| . 1 1 1 r 

150  300  M50 

HORIZONTPL    SPAN     (FEET) 


600 


750 


HEflDSPRR  BASE  ELEV.  =  800.00 

HEflOSPflR  HEIGHT      =  55.00 

TfllLHOLD  BASE  ELEV.  =  500.00 

TfllLHOLD  HEIGHT      =  20.00 

HQRIZONTRL  SEPflRflTION  600.00 

VERTICPL  SEPflRflTION  =  335.00 


LOGS  ORflGClNG?  TES=1:  1.00 

LOG  LORD  WEIGHT      =  9500.00 

CflRRIflGE  WEIGHT      =  650.00 

HflULBRCK  LINE  LB/FT  =  0.72 

MAIN  +  SLACK   LB/FT  =  1.144 

WORKING  TENSION      =  10000.00 
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READ(KR,1380)X(INREP),Y(INREP) 
1380  F0RMAT(F5.1,1X,F5.1) 


Program  Listing  5. --FORTRAN  statements  used  in  figure  7 

(READ  statement  inserted  at  TSO  line 
number  76900) 


//GO.SY.SIN  DD  * 

RUNNING  SKYLINE  ANALYSIS 
HORIZONTAL  SPAN  (FEET) 
ELEVATION  (FEET) 
0 
0 

106100606   150.0     100.0     0.0    400.0 
0 

150 
300 
450 
600 
750 
400 
500 
600 
700 
800 
900 
000 
0700.08 

0.600   4.600HEADSPAR 
4.500   1.300TAILH0LD 
4.400   0.600GR0UND  PROFILE 
3.750   1.5001 
3.750   1.2002 

3.000   4.000  1=L0GS  DRAGGING 
3.000   3.800  2=L0GS  FREE 
01 
05 

3.000  4.200 
4.700  4.200 
4.700  3.700 
3.000  3.700 
3.000  4.200 
03 

01  0  05    1   13    1    0     0.0     0.0 
11  0  02  150  550   50    0     0.0     0.0 
11  0  02  150  550   50    0    0.0    0.0 
45.0  800.0 
80.0  800.0 
200.0  620.0 


35 


// 


240.0  600.0 
345.0  600.0 
425.0  540.0 
450.0  540.0 
510.0  510.0 
555.0  500.0 
580.0  475.0 
630.0  450.0 
670.0  500.0 
735.0  500.0 
1   75.0  800.0  55.0   675.0  500.0  20.00  9500.  650.  10000. 

0.72  1.44  10.00  0.60  4.00 
0   75.0  800.0  55.0   675.0  500.0  20.00  9500.  650.  10000. 

0.72  1.44  0.00  0.00  4.00 


Data  Set  5. --Data  cards  used  in  figure  7 
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Appendix  9— Survey  Traverse.  (User  supplied  data  cards  required  to 

produce  figure  8.  Note:  no  equations  or  READ  statements 
had  to  be  inserted) 

Figure  8. --Plot  of  closed  boundary  traverse  and 
and  pertinent  survey  information 

fiSfl   B.    VPNNOT:     (DEED    BOOK    80.    PAGE    88) 


SCRLE  (1"/X  FT)  X  = 

773.34 

RCRES  IN  SURVET  = 

149.08 

PERIMETER  (FEET)  = 

11916.29 

ERROR  OF  CLOSUflE= 

12.65 

ANGLE  flDJU./S10E= 
1  INCH  BAR  GRflPH= 

0.00 

1 1 1 

N 
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//GO.SYSIN  DD  * 

ASA   B.    VANNOY:    (DEED   BOOK   80,    PAGE 


0.0  0.0  0.000 


0 

0 

100000000 

0.0 

000 

0000. 

00 

00 

01 

12 

1  13 

1 

3  90 

00 

121.0 

3  37 

00 

118.0 

1  89 

00 

43.5 

3  03 

45 

6.0 

4  53 

15 

48.0 

4  39 

00 

71.0 

4  10 

30 

26.5 

1  88 

00 

38.0 

1  26 

15 

130.2 

2  36 

00 

46.0 

1  42 

00 

74.0 

11         1         0         16.5         1.0 


Data  Set  6. --Data  cards  used  in  figure  8 
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Appendix  10-CALCOMP 


P-C-G  can  be  used  to  produce  CALCOMP  graphs  (ink)  in  addition  to  the 
standard  VERSAPLOT  graph  (electrostatic).  The  following  changes  are  required 
in  the  deck  setup  and  source  statements  of  P-C-G  to  produce  CALCOMP  graphs. 

Deck  setup 

Since  job  control  language  (JCL)  cards  are  machine  dependent,  the  user 
should  check  the  JCL  documentation  at  each  installation.  The  JCL  needed  at 
Auburn  University  (IBM  3031)  for  the  VERSAPLOT  AND  CALCOMP  printers  are 
shown  below. 

CALCOMP 


VERSAPLOT 

//  job  card 
/*ROUTE  PRINT  LOCAL 
/*JOBPARM  T=30,L=30K 
//STEP  EXEC  FORTVCLG 
//FORT.SYSIN  DD  * 

P-C-G  source  deck 
//GO.SYSIN  DD  * 

data  cards 
// 


//  job  card 
/*ROUTE  PRINT  LOCAL 
/*JOBPARM  T=30,L=30K 
//STEPl  EXEC  PLOTCLG 
//FORT.SYSIN  DD  * 

P-C-G  source  deck 
/* 

//GO.PLOTOl  DD  DSNAME=XYZ45.MYPL0T 
//GO.SYSIN  DD  * 
/* 
// 


Source  statements 


SUBROUTINES  GRID  and  NEWPEN  are  not  permitted  when  running  CALCOMP  jobs 
at  Auburn  University.   If  these  subroutines  are  not  permitted  at  the  user's 
installation,  then  a  C  should  be  typed  (keypunched)  in  card  column  1  of  the 
following  source  statements.  The  associated  TSO  line  numbers  are  shown  for 
user  reference  and  reflect  the  use  of  six  JCL  cards  and  RENUM  100  100. 


TSO 

# 

030900 
031100 


VERSAPLOT 
(existing ) 

CALL   NEWPEN(IPENT) 
CALL   NEWPENdPENXA: 
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031300  CALL   NEWPEN(IPENYA) 

031800  CALL   NEWPEN( IXYTA) 

03;^800  CALL   NEWPEN(  IBIGT) 

033700  CALL   NEWPEN( ILILT) 

035000  CALL   NEWPEN(IXYAT) 

035700  CALL   NEWPEN( IBIGT) 

037000  CALL   NEWPEN( ILILT) 

038300  CALL   NEWPEN( IPENS  ) 

044600  IF(IGRID.GT.O)CALL  GRID(XSLINE , YSLINE ,NX,XD,NY, YD, IGRIDN ) 

053000  CALL  NEWPEN(l) 

110600  CALL  NEWPEN(l) 

153700  CALL  NEWPEN(l) 

165000  CALL  NEWPEN( JPENBE  ) 

If  the  following  TSO  cormand  is  used,  then  a  C  will  be  placed  in  card 

column  1  of  all  the  CALL  NEWPEN  lines  automatically.  The  TSO  corrmand  at 

Auburn  University  is: 

CHANGE  100  167500  /      CALL  NEWPEN(/C     CALL  NEWPEN(/ALL 
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Koger,  Jerry  L.;  Stokes,  Bryce;  and  Sirois,  Donald  L.  1983.  P- 
C-G:  Producing  computer  graphs.  U.S.  Dep.  Agric.  For. 
Serv.  Res.  Pap.  SO-200,  40  p.  South.  For.  Exp.  Stn.,  New 
Orleans,  La. 

A  computer  program  was  developed  to  aid  in  the  graphing 
of  equations,  data  points,  running  skyline  problems,  survey- 
ing traverses,  or  user  supplied  programs.  A  standard  proce- 
dure is  provided  for  adding  specieilized  user  written  pro- 
grams. Several  examples  are  provided  to  illustrate  the  capa- 
bilities and  input  requirements  of  P-C-G. 

Additional  keywords:  computer  programs,  graphs,  equa- 
tions, skylining,  surveying. 
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SUMMARY 

Puerto  Rico's  importance  as  an  offshore  market  for  U.S.  wood  products  is 
often  overlooked.  Because  of  Puerto  Rico's  unique  Commonwealth  status, 
trade  flows  between  the  United  States  and  Puerto  Rico  are  recorded  separately 
and  are  not  counted  in  the  U.S.  foreign  trade  statistics.  In  1981,  wood  product 
shipments  from  the  United  States  to  Puerto  Rico  totaled  more  than  $61  mil- 
lion. Softwood  plywood  and  lumber,  primarily  southern  pine,  accounted  for 
more  than  one-half  of  the  total  value. 
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Wood  Shipments  To  Puerto  Rico 


Harold  W.  Wisdom,  James  E.  Granskog  and  Keith  A.  Blatner 


INTRODUCTION 


BACKGROUND 


The  Commonwealth  of  Puerto  Rico  enjoys  a  unique 
pohtical  relationship  with  the  United  States.  As  a 
"freely  associated  state,"  it  has  unrestricted  access 
to  the  U.S.  market.  Goods  flow  freely  between  the 
island  and  the  mainland,  although  certain  goods 
entering  Puerto  Rico  may  be  subject  to  Puerto  Rico's 
excise  taxes  (e.g.,  automobiles). 

The  special  political  arrangement  between  Puerto 
Rico  and  the  United  States  creates  confusion  in 
reporting  trade  between  the  two  political  units.  U.S. 
export  statistics  include  exports  from  Puerto  Rico  to 
foreign  countries.  That  is,  Puerto  Rico  is  treated 
merely  as  one  more  U.S.  customs  district,  and 
exports  from  Puerto  Rico  are  counted  as  part  of  total 
U.S.  exports.  Trade  flows  between  the  United  States 
and  Puerto  Rico,  recorded  separately,  are  not  counted 
in  the  U.S.  foreign  trade  statistics,  since  Puerto  Rico 
is  not  a  foreign  country. 

However,  the  reality  that  Puerto  Rico  is  an  island, 
dependent  on  ocean  shipping  for  much  of  its  needs, 
distinguishes  its  market  from  that  of  the  continental 
states.  Rather  than  as  a  region  within  the  U.S.  econ- 
omy, Puerto  Rico  is  perhaps  more  associated  with 
exporting  by  mainland  wood  shippers.  But  because 
shipments  to  Puerto  Rico  are  not  listed  among  export 
statistics,  its  importance  as  an  offshore  market— par- 
ticularly for  the  southern  forest  products  industry— 
can  be  overlooked. 

This  report  describes  wood  product  shipments 
from  the  United  States  to  Puerto  Rico.  Data  sources 
were  unpublished  microfiche  copies  and  computer 
tapes  of  the  Bureau  of  Census  report  EA  694,  "U.S. 
Trade  with  Puerto  Rico  and  the  U.S.  Virgin  Islands," 
and  selected  issues  of  the  Puerto  Rico  Planning 
Board  annual  report,  "Puerto  Rico  External  Trade 
Statistics." 


Although  Puerto  Rico  originally  was  largely  for- 
ested with  tropical  species  containing  high  quality 
timber,  its  harvesting  and  processing  of  timber  prod- 
ucts in  significant  quantities  ceased  long  ago.  Clear- 
ing of  privately  owned  lands  for  agriculture  and  the 
removal  of  timber  from  public  lands  early  in  this  cen- 
tury left  timber  harvesting  a  marginal  economic 
activity  in  Puerto  Rico.  By  the  1940's,  the  natural 
forest  area  of  Puerto  Rico  had  declined  to  6  percent  of 
the  land  area  (Birdsey  and  Weaver  1982). 

To  encourage  economic  development  and  to  reduce 
dependence  on  agriculture,  Puerto  Rico  began  to 
promote  rapid  industrialization  in  the  late  1940's. 
The  inabihty  of  wood  products  manufacturing  to 
compete  with  new  industries  caused  further  decline  of 
wood  processing  on  the  island.  Fuelwood  was 
replaced  first  by  kerosene  and  later  by  electrical 
energy.  Mass  importation  of  furniture,  beginning  in 
the  1950's.  almost  eliminated  what  was  formerly  an 
important  industry,  the  manufacture  of  furniture 
from  local  and  other  tropical  woods.  Rural  workers 
migrated  to  the  towns  and  cities  to  find  jobs  in  the 
rapidly  expanding  industrial  sector  and  wage  rates 
increased  rapidly.  The  remaining  furniture  and  mill- 
work  industry  modernized  its  equipment,  making  it 
intolerant  of  domestic  lumber  produced  on  crude 
mills  with  low  quality  control  standards.  A  shift  to 
concrete  housing  and  the  trend  toward  modern  furni- 
ture styles  further  limited  the  market  for  domestic 
production.  Increasingly,  imported  plywood  replaced 
solid  wood  in  the  manufacture  of  furniture  and  in 
concrete  forming.  By  the  end  of  the  1950's,  except  for 
locally-grown  posts  for  agriculture,  these  factors  left 
the  island  virtually  dependent  upon  imports  to  meet 
its  wood  needs. 
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WOOD  USE 

Puerto  Rico's  use  of  wood  is  tempered  by  culture 
and  climate.  Concrete  is  the  preferred  housing  con- 
struction material.  The  susceptibility  of  traditional 
wood  houses  to  termites  and  hurricane  damage  has 
discouraged  wood  construction,  except  in  the  rural 
interior  of  the  island. 

Softwood  lumber  and  plywood,  meanwhile,  have 
become  important  in  construction,  but  largely  for 
scaffolding  and  concrete  forming  (fig.  1  and  2).  Struc- 
tural use  of  lumber  and  plywood  has  been  limited 
primarily  to  roof  framing  and  roof  sheathing.  A 
smaller  but  active  market  is  the  decorative  use  of 
lumber,  such  as  carports,  fences,  and  recreation 
areas,  where  southern  pine  and  Douglas-fir  often  are 
stained  to  look  like  redwood  (fig.  3). 

However,  tentative  evidence  suggests  that  the 
strong  preference  for  concrete  housing  may  be  weak- 
ening. In  very  recent  years,  a  growing  use  of  wood  in 
the  construction  of  second  floors  on  suburbam  homes 
has  occurred  (fig.  4).  Wooden  vacation  homes  also 
have  increased  in  the  interior  of  the  island.  Whether 
these  changes  represent  an  aberration  or  a  beginning 


Photo  by  John  Wisdom 

Figure   \.  —  The   use  of  lumber  in    housing  construction    in 
Puerto  Rico. 


trend,  due  to  the  current  disparity  in  the  costs  of  the 
two  types  of  construction,  remains  to  be  seen. 

Given  its  almost  complete  dependence  upon 
imports,  Puerto  Rico  today  is  an  important  market 
for  wood  products.  With  more  than  3  million  inhabit- 
ants and  the  highest  per  capita  income  in  the  Carib- 
bean, the  island  has  significant  purchasing  power. 
The  absence  of  trade  barriers  and  proximity  to  the 
United  States  make  Puerto  Rico  an  attractive  off- 
shore market  for  wood  products. 

U.S.  SHIPMENTS 

U.S.  shipments  of  wood  products— roundwood, 
lumber,  wood-based  panels,  and  miscellaneous  manu- 
factured products— to  Puerto  Rico  were  valued  above 
$61  million  in  1981.  Shipments  by  major  commodity 
group  since  1971  are  illustrated  in  figure  5.  Panel 
products  accounted  for  about  one-half  of  the  total 
value  in  1981,  followed  by  lumber  with  one-quarter  of 
the  value.  Roundwood  products,  the  smallest  group, 
have  exhibited  the  fastest  growth  over  the  decade, 
while  miscellaneous  manufactured  products  have 
experienced  the  slowest. 

Among  individual  products,  softwood  plywood 
and  softwood  lumber  have  accounted  for  more  than 
half  of  the  value  of  shipments  in  recent  years.  The 
values  by  year  for  the  principal  products  shipped,  as 
well  as  volume  figures  cited  in  the  following  discus- 
sion of  product  groupings,  are  reported  in  the  appen- 
dix tables. 

Roundwood 

Roundwood  shipments  in  1981  totaled  $3.3  million, 
of  which  90  percent  was  poles  used  by  the  govern- 
ment-owned electric-power  utility.  Shipments  fluc- 
tuate according  to  the  utihty 's  program  of  line  expan- 
sion and  pole  replacement. 

Prior  to  1978,  shipments  of  poles,  piling,  and  posts 
were  identified  separately  and  by  different  measure- 
ment units  (table  1).  Since  1978,  these  products  have 
been  regrouped  according  to  length  and  treatment. 
Most  shipments  in  the  remaining  pole  and  post  cate- 
gories are  treated  products. 

The  modest  quantity  of  logs  sent  to  Puerto  Rico 
reflects  the  absence  of  a  primary  wood  manufacturing 
industry.  Except  for  a  brief  surge  in  1975-78.  log 
shipments  have  been  less  than  1  million  board  feet 
annually.  Most  softwood  logs  are  southern  pine;  most 
hardwoods  are  oak.  A  substantial  volume  of  the  soft- 
wood logs  may  be  poles  and  piling  that  have  been 
incorrectly  classified. 

Lumber 

Lumber  shipments  rose  from  26  million  board  feet 
in  1971  to  55  miUion  in  1980,  before  slumping  to  41 
million  board  feet  in   1981.   Shipments  have  been 
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Figure  2.— The  use  of  plywood  in  housing  construction  in  Puerto  Rico. 


Table  l.—Roundwood  shipments  from  the  United  States  to  Puerto 
Rico,  1971.  1980,  and  1981 


Ph(>to  1)\  John  Wisdom 


Product 

1971 

1980 

1981 

Logs  (thousand  bd.  ft..  Scribner) 

37 

160 

14 

Piling  (thousand  linear  ft.) 

38 

* 

* 

Poles  and  posts  (thousands,  no.) 

2 

27 

23 

Wood  chips  (tons) 

0 

213 

0 

Figure  3.  — The  use  of  lumber  for  decorative  purposes  in  hous- 
ing in  Puerto  Rico  (redwood  and  southern  pine). 


*Piling  is  included  under  poles  and  posts. 

largely  softwood,  although  hardwood  climbed  to  20 
percent  of  the  total  in  1981  (fig.  6). 

An  increasing  percentage  of  the  softwood  lumber 
shipments  has  been  southern  pine.  Since  1974,  the 
peak  year  for  other  softwood  species,  southern  pine 
jumped  from  63  to  95  percent  in  1981.  Douglas-fir  is 
the  other  principal  softwood  lumber  species  shipped. 
A  large  majority  of  all  softwood  is  dressed  lumber, 
which  is  typical  of  lumber  exports  to  Caribbean  mar- 
kets. 

Although  hardwood  lumber  shipments  are  rela- 
tively small,  they  have  been  rising  in  recent  years. 
Hardwood  lumber  is  used  almost  entirely  by  the  fur- 
niture and  millwork  industry.  The  bulkiness  of  assem- 
bled furniture  compared  with  the  raw  material  and 
high  ocean  freight  rates  have  left  furniture  manufac- 
ture as  one  of  the  few  wood-using  industries  to  sur- 
vive in  Puerto  Rico.  Oak  has  been  the  most  important 
hardwood  lumber  species  shipped. 

Wood  Panels 

Softwood  plywood,  hardwood  veneer,  and  particle- 
board  dominate  U.S.  panel  shipments  to  Puerto  Rico. 
Hardwood  plywood  shipments  have  been  less  than 


Photo  by  John  Wisdom 

Figure  4.  — The  use  of  lumber  in  the  second  story  of  urban  housing  in  Puerto  Rico. 


one  million  square  feet  annually  in  recent  years, 
although  volume  was  up  in  1981.  Softwood  veneer 
shipments  have  been  minimal. 

Substantial  changes  were  made  in  the  softwood 
plywood  shipping  classifications  in  1978.  Prior  to 
1978,  softwood  plywood  shipments  were  contained  in 
two  categories— interior  and  exterior  plywood.  A 
third  category  covered  shipments  of  plywood  faced 
with  other  materials  and  wood  veneer  panels. 

Since  1978,  softwood  plywood  shipments  have 
been  classified  according  to  species— Douglas-fir, 
southern  pine,  and  other.  Table  2  shows  that  south- 
ern pine  accounts  for  most  of  the  shipments.  The 
other  species  category  includes  plywood  covered  with 
other  materials,  but  not  reinforced  or  backed  wood 
veneer  panels,  which  are  now  included  under  soft- 
wood veneer.  Since  most  shipments  are  exterior 
grades  used  for  concrete  forming,  southern  pine  likely 
constituted  most  softwood  plywood  shipped  prior  to 
1978.  Douglas-fir  may  represent  minimal  interior 
grade  shipments. 

Particleboard  shipments  almost  equalled  the  value 
of  softwood  lumber  shipments  in  1981.  Like  softwood 
lumber,  particleboard  shipments  are  probably  com- 
posed primarily  of  southern  pine  material,  but  source 
materials  are  not  identified.  Thus,  Puerto  Rico  proba- 
bly represents  by  far  the  largest  offshore  market  for 
southern  particleboard.  Particleboard  shipments  to 
Puerto  Rico  averaged  34  million  square  feet  in 
1980-81,  while  annual  exports  of  southern  particle- 
board recently  have  totaled  only  about  11  million 
square  feet  (Wisdom,  Granskog,  and  Peeler  1983). 
Particleboard  is  widely  used  for  furniture  manufac- 
ture and  in  cabinet  construction. 


Table  2.  — U.S.  softwood  plywood  shipments  to  Puerto  Rico,  by 
species  group,  1978  -  81 


Year 

Total 

Species  Group 

Douglas- 

fir 

Southern  pine 

Other  species 



thousand 

square  feet 

1978 

88,202 

1,005 

83,572 

3,652 

1979 

52,039 

544 

49,617 

1,878 

1980 

46,726 

698 

43,574 

2,454 

1981 

72,025 

721 

55,271 

19,033 

Hardwood  veneer  shipments  edso  are  largely  used 
in  furniture  making.  Hardwood  plywood  shipments 
have  been  relatively  small,  since  Puerto  Rico,  like  the 
United  States,  imports  most  of  its  hardwood  plywood 
from  foreign  sources. 

Miscellaneous  Manufactured  Products 

A  wide  range  of  miscellaneous  wood  articles 
shipped  to  Puerto  Rico  reflects  the  nearly  total  depen- 
dence of  the  island  on  outside  sources  for  needed 
wood.  As  a  group,  these  shipments  have  had  the  slow- 
est growth.  Although  some  shipments  show  increases 
in  terms  of  current  dollars,  they  actually  have 
decreased  when  adjusted  for  inflation  (table  3). 

Among  the  various  products,  decorative  wood  arti- 
cles—carved figures,  picture  frames,  bookends,  and 
jewelry  boxes— are  a  large  item.  This  category 
reflects  importance,  in  part,  of  sales  of  wood  carvings 
and  curios  to  tourists.  Fuelwood  and  charcoal  ship- 
ments—mostly charcoal  briquettes— also  have 
increased  significantly. 


On  the  other  hand,  builders'  woodwork— once  the 
most  important  product  category— and  cooperage 
have  decHned.  The  growth  of  the  millwork  and  joinery 
industry  in  Puerto  Rico  has  reduced  imports  of  doors, 
window  units,  and  other  millwork.  Cooperage  imports 
by  the  island's  large  rum  industry  have  slowed  in 
recent  years. 


FOREIGN  SOURCES 

A  review  of  the  Puerto  Rico  wood  market  requires 
a  look  at  foreign  sources  for  lumber  and  plywood,  the 
two  largest  imports.  Of  particular  interest  to  U.S. 
producers  have  been  the  changes  among  the  suppliers 
of  softwood  lumber. 

Lumber 

Table  4  shows  average  annual  lumber  shipments  to 
Puerto  Rico  from  ail  sources  for  the  period  1979  -  81. 
Receipts  of  hardwood  lumber  are  small  relative  to 
softwood.  The  United  States  supplies  half  of  the 
hardwood  lumber,  while  Latin  America  provides  the 
other  half.  Being  a  more  heterogeneous  product  than 
softwood  lumber,  the  desired  characteristics  of  the 
various  hardwood  species  imported— primarily  oak 


Table  3.— Actual  and  deflated  value  of  miscellaneous  manufactured 
product  shipments 


Product 


Actual 


1971 


1981 


Deflated* 
1981 


thoi 

usand  dollars 



Fuelwood  &  charcoal 

71 

700 

342 

Cooperage 

268 

282 

125 

Builders'  woodwork 

1,688 

780 

344 

Prefab,  wood  structures 

284 

322 

159 

Decorative  wood  articles 

402 

874 

386 

Wopd  handles 

152 

388 

149 

Other 

2,295 

5.808 

2,843 

Total 

5,178 

9,104 

4,348 

*  Deflated    using    Producer    Price 
1971  =  100. 


Indexes    for   Wood    Products, 


Table  4.— Average  annual  lumber  shipments  to  Puerto  Rico  from 
all  sources.  FY  1979-81 


Source 

Hardw 

'ood 

Softwood 

Thousand 
bd.  ft. 

07o 

Thousand             % 
bd.  ft. 

United  States 
Canada 

Central  America 
South  America 

5,854 

2 

270 

5,329 

51 

* 

2 

47 

39,906               39 

58,399               57 

2,113                 2 

2,455                 2 

Total 

11,455 

100 

102,873             100 

*Less  than  0.5  percent. 


from  the  United  States  and  mahogany  from  Latin 
America— determine  sources  of  supply  more  so  than 
for  softwood. 

Canada  currently  supplies  a  majority  of  the  soft- 
wood lumber.  The  United  States  and  Latin  America, 
primarily  Honduras  and  Nicaragua,  follow.  In  past 
years,  however,  substantial  changes  have  occurred  in 
the  market  shares  held  by  the  three  major  softwood 
lumber  suppliers  (table  5  and  fig.  7).  Southern  pine 
from  the  United  States  dominated  the  softwood  lum- 
ber market  in  Puerto  Rico  until  the  mid  1950's.  But 
at  that  point,  Canadian  and  Central  American  soft- 
wood imports  began  to  increase  until,  by  1974,  they 
constituted  83  percent  of  the  market.  Since  1974.  the 
United  States  has  recovered  in  part,  increasing  its 
share  to  about  40  percent,  despite  an  overall  decline 
in  softwood  lumber  imports  due  to  a  recession  in 
Puerto  Rico's  housing  industry. 

Decline  in  the  U.S.  share  of  the  Puerto  Rico  soft- 
wood lumber  market  resulted  from  differences  in 
ocean  freight  costs  between  foreign  and  U.S.  ship- 
ping, a  decline  in  the  availabihty  of  southern  pine 
lumber,  and  aggressive  marketing  by  export-oriented 
Canadian  producers.  First,  the  Jones  Act  requires 
U.S.  shippers  to  use  relatively  expensive  U.S.  lines, 
whereas  Canadian  and  Central  American  shippers 
can  use  less  expensive  carriers.  Second,  following 
World  War  II,  the  dechning  southern  pine  lumber 
industry  was  dominated  by  many  small  operators 
who  focused  attention  on  domestic  markets,  while 
developing  lumber  industries  in  the  competing  sup- 
ply areas  included  large-scale  export  operations. 
Thus,  Puerto  Rico's  lumber  importers  could  fill 
orders  through  a  single  supplier  in  Canada  and  Cen- 
tral America,  whereas  they  often  had  to  contact  sev- 
eral southern  suppliers.  Lastly,  Canadian  suppliers  in 
particular  looked  upon  their  export  trade  as  a  long- 
term  commitment,  whereas  southern  producers 
gained  a  reputation  as  "in-and-outers.  "  That  is, 
southern  producers  were  perceived  as  interested  in 
the  Puerto  Rico  market  only  as  an  alternative  to  a 
depressed  domestic  market. 

The  partial  recovery  of  market  share  by  the  United 
States  since  1974  reflects  a  decline  in  imports  from 
Central  American  and  more  interest  by  southern 
lumbermen  in  shipping  to  overseas  markets.  Lumber 
from  Honduras  has  risen  in  cost  while  quality  has 
declined  as  the  most  accessible  high-quality  stands 
have  been  harvested;  and  political  unrest  has  dis- 
rupted the  flow  of  lumber  from  Nicaragua.  Since 
1975,  southern  pine  exports  have  risen  dramatically, 
which  demonstrates  producers  have  increased  efforts 
to  sell  lumber  to  all  overseas  markets  in  recent  years 
(Granskog  1981).  Canadian  lumber  has  maintained  its 
market  share,  although  the  volume  imported  has  fol- 
lowed the  overall  decline  in  lumber  imports  due  to  the 
slowdown  in  housing  construction. 


Table  5.— Softwood  lumber  shipments  to  Puerto  Rico  from  all  sources,  selected  fiscal  years 


Fiscal 

Total, 
all  sources 

United 
States 

Foreign  sources 

year 

Total 

Canada 

Latin  America 

Other 

, 

irl  hrl     ft 

1947 

65,019 

56,857 

8,162 

0 

5.808 

2,354 

1950 

76,443 

65,381 

11,062 

5,294 

5,017 

751 

1955 

96,917 

47,837 

49,080 

38,545 

9,102 

1,433 

1960 

117,550 

27,243 

90,307 

68,513 

20,383 

1,411 

1974 

174,005 

29,557 

144,448 

87,862 

56,586 

0 

1975 

120,474 

32,166 

88,308 

65,513 

22,780 

15 

1977 

138,869 

52,186 

86,683 

62.245 

24,438 

0 

1978 

116,094 

32,830 

83,264 

69.851 

13,413 

0 

1979 

98,730 

36,944 

61,786 

54,514 

7,272 

0 

1980 

126,434 

48,536 

77.898 

72,795 

5,103 

0 

1981 

83,451 

34,234 

49,217 

47,887 

1,330 

0 

Table  6.— Shipments  of  plywood  to  Puerto  Rico  from  all  sources,  FY  1980 


Source 

Hai 

dw 

ood 

Softwood 

Thousand  sq. 

ft. 

% 

Thou 

sand  sq.  ft. 

% 

United  States 
Central  America 
South  America 
Asia 
Other 

t 

3,139 

28,721 

32,259 

195 

t 

5 

45 

50 

* 

55.230 

965 

508 

1,932 

0 

94 
2 
1 
3 

0 

Total 

64.314 

100 

58,635 

100 

t Although  Puerto  Rico  government  reports  do  not  show  receipts  of  U.S.  hardwood  plywood  dur- 
ing the  1980  fiscal  year,  table  A5  indicates  average  U.S.  shipments  for  calendar  years  1979  and 
1980  may  account  for  about  1  percent  of  Puerto  Rico's  hardwood  plywood  imports. 
*Less  than  0.5  percent. 


ROUNDWOOD 


LUMBER 


PANEL    PRODUCTS 


MISCELLANEOUS 


1971 
1981 

0    1 

]- 

9  71 

:- 

198  1 

]  16   2 

9  7  1 

l69 

1981 

|32   7 

_L_         ,1              1 

1971 

5   1 

1981 

1  ®   ' 

1                 1 

1              1 

5  10  15  20  25  30  35 

MILLION     DOLLARS 


1971 


1973  1975  1977  1979 


1981 


Figure  5.— Value  of  wood  shipments  to  Puerto  Rico,  by  majo'- prod- 
ucts, 1971  and  1981. 


Figure  6.— Lumber  shipments  from  the  United  States  to  Puerto 
Rico. 
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Figure  1.— Softwood  lumber  shipments  to  Puerto  Rico,  from  all 
sources,  1950-81. 


Plywood 

Shipments  of  plywood  to  Puerto  Rico  from  all 
sources  for  1980  are  shown  in  table  6.  Most  hardwood 
plywood,  as  noted,  is  imported  from  foreign  sources— 
one-half  from  Asia  and  the  remainder  largely  from 
South  America.  South  Korea  and  Taiwan  are  the  pri- 
mary Asian  suppliers,  while  Brazil  is  the  principal 
source  in  South  America. 

Unlike  the  situation  for  softwood  lumber,  almost 
all  softwood  plywood  is  received  from  the  United 
States.  This  predominant  flow  is  largely  explained  by 
the  competiveness  of  southern  pine  for  the  preferred 
uses  and  the  U.S.  tariff  on  softwood  plywood  imports 
from  Canada. 


doubling  in  volume.  Reaching  this  level  will  require 
more  attention  to  marketing  services,  such  as  broad 
product  mixes  and  security  of  supply. 

Lumber  buyers  in  Puerto  Rico  place  a  premium  on 
the  stability  of  supply.  While  lumber  normally  makes 
up  only  a  small  part  of  the  total  cost  of  housing,  it 
still  is  an  essential  ingredient  of  construction  meth- 
ods used.  Delays  in  construction  due  to  the  absence  of 
forming  lumber  are  costly  far  beyond  the  direct  cost 
of  the  material.  Keeping  in  mind  that  all  lumber  must 
be  imported  and  ocean  shipments  may  take  from  3  to 
4  weeks,  one  can  readily  see  a  secure  supply  is  impor- 
tant to  Puerto  Rican  buyers. ' 

Finally,  Puerto  Rico's  wood  imports  also  may  be 
viewed  as  representing  a  potential  for  the  resurgence 
of  a  modest  wood  manufacturing  industry  on  the 
island,  based  upon  the  utilization  of  domestic  woods. 
Following  the  retirement  of  agricultural  land,  the  for- 
est area  has  been  increasing  during  the  past  30  years. 
About  a  third  of  the  land  area  is  now  forested,  almost 
half  of  which  is  classed  as  timberland  (Birdsey  and 
Weaver  1982).  However,  most  desirable  species  are  in 
young  secondary  forests,  and  existing  sawtimber  of 
generally  poor  quality  is  scattered.  Given  the  nature 
of  the  timber  and  the  substantial  capital  investment 
needed  for  economical  production  of  commodity-type 
products,  substitution  for  softwood  plywood  and 
lumber  would  be  difficult;  yet,  opportunities  for 
small-scale  production  of  specialty  items  may  exist. 
If  forest  management  opportunities  are  pursued, 
Puerto  Rico  eventually  may  be  partially  able  to 
reduce  dependence  upon  wood  imports,  and  provide 
much  needed  employment  in  the  rural  areas  of  the 
island.  For  the  foreseeable  future,  though,  the  wood 
market  in  Puerto  Rico  represents  a  sizeable  opportun- 
ity for  U.S.  wood  producers. 
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Table  Al.— Value  of  wood  product  shipments  from  the  United  States  to  Puerto  Rico,  1971  -81 


Commodity 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

— thousand  dollars 

Roundwoou 

Softwood  logs 

1 

24 

63 

101 

1,186 

1,050 

1,062 

531 

277 

27 

2 

Hardwood  logs 

21 

43 

17 

158 

1,150 

956 

755 

226 

143 

114 

11 

Piling  &  Poles 

59 

348 

963 

2,097 

5,629 

1,711 

4,304 

917 

1,317 

3,041 

3,022 

Other  Roundwood 

12 

15 

7 

20 

0 

26 

4 

175 

161 

496 

299 

Total  roundwood 

93 

430 

1,050 

2,376 

7,965 

3,743 

6,125 

1,849 

1,898 

3,678 

3,334 

Lumber 

Softwood  lumber 

3,774 

4,208 

5,157 

7,932 

7,959 

11,079 

12,659 

10,994 

13,061 

17,490 

11,337 

Hardwood  lumber 

349 

428 

410 

999 

1,011 

1,155 

802 

1,695 

2,512 

2,506 

4,859 

Total  lumber 

4,123 

4,636 

5,567 

8,931 

8,970 

12,234 

13,461 

12,689 

15,573 

19,996 

16,196 

Wood  Panels 

Softwood  veneer 

4 

0 

6 

0 

0 

0 

0 

6 

29 

25 

41 

Hardwood  veneer 

23 

8 

4 

36 

165 

3 

3 

425 

1,335 

537 

523 

Total  veneer 

27 

8 

10 

36 

165 

3 

3 

431 

1,364 

562 

564 

Softwood  plywood 

5,865 

7,949 

10,623 

8,897 

11,601 

14,713 

14,114 

15,840 

18,591 

14,752 

20,760 

Hardwood  plywood 

566 

688 

1,300 

3,567 

939 

602 

551 

272 

319 

317 

833 

Total  plywood 

6,422 

8,637 

11,923 

12,464 

12,540 

15,315 

14,665 

16,112 

18,910 

15,069 

21,593 

Particleboard* 

479 

572 

745 

3,740 

733 

2,371 

2,502 

5.036 

4,772 

6,570 

10,568 

Total  wood  panels 

6,928 

9,217 

12,678 

16,240 

13,438 

17,689 

17,170 

21,579 

25,046 

22,201 

32,725 

Miscellaneous  Wood  Products 

Charcoal  &  fuelwood 

71 

112 

197 

218 

363 

376 

331 

114 

458 

666 

700 

Cooperage 

286 

678 

730 

473 

494 

660 

476 

216 

779 

297 

282 

Builder's  woodwork 

1,688 

1,351 

1,560 

1,493 

1,183 

1,270 

810 

752 

698 

873 

780 

Decorative  wood 

402 

599 

775 

560 

448 

418 

862 

925 

1,016 

923 

874 

Other  miscellaneous 

2,731 

3,955 

4,242 

4,972 

4,515 

4,176 

3,273 

4,753 

4,769 

6,702 

6,468 

Total  miscellaneous 

5,178 

6,695 

7,504 

7,716 

7,003 

6,900 

5,752 

6,760 

7,720 

9,461 

9,104 

Total  Wood  Products 

16,322 

20,978 

26,799 

35,263 

37,376 

40,566 

42,508 

42,877 

50,237 

55,336 

61,359 

*  Includes  other  reconstructed  wood. 


Table   A2.— Roundwood   shipments   from    the    United  States    to 
Puerto  Rico.  1971-81 


Year 


Logs 


Piling 


Poles 


thousand  bd.  ft. 

thousand  lin.  ft. 

No. 

1971 

37 

38 

2,366 

1972 

194 

1 

6,466 

1973 

290 

5 

20,243 

1974 

623 

10 

30,674 

1975 

7,402 

36 

70,980 

1976 

6.704 

138 

28.404 

1977 

4.881 

0 

29.452 

1978 

1,192 

* 

10.848 

1979 

400 

* 

12.069 

1980 

160 

* 

26.909 

1981 

14 

* 

22.789 

*Since  1978.  piling  has  been  included  under  poles. 
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Tah\e  A3.— Softwood  lumber  shipments  from  the  United  States  to  Puerto  Rico,  1971  -81 


All  softwood 


Southern  pine 


Other  softwoods* 


Year 

Total 

Rough 

Dressed 

Total 

Rough 

Dressed 

Total 

Rough 

Dressed 

1971 

23.476 

5.439 

18.037 

16,870 

4.111 

12.759 

6,606 

1.328 

5,278 

1972 

18.656 

4.923 

13.733 

13,733 

2,747 

10.626 

5,283 

2.176 

3,107 

1973 

19.871 

5,962 

13.909 

13.073 

2,228 

10.845 

6.798 

3.734 

3,064 

1974 

30.083 

9,610 

20.473 

19.061 

5,539 

13.522 

11.022 

4.071 

6,951 

1975 

32.166 

10.958 

21.208 

28.016 

9.534 

18.482 

4.150 

1,424 

2,726 

1976 

46.338 

8,347 

37.991 

43.356 

7,661 

35.695 

2,982 

686 

2,296 

1977 

43,938 

7,333 

36.605 

40.947 

5,370 

35.577 

2,991 

1,963 

1,028 

1978 

33,432 

4,899 

28.533 

30.430 

4,813 

25.617 

3,002 

86 

2,916 

1979 

38,615 

6,387 

32,228 

34.507 

6,133 

28.374 

4,108 

254 

3,155 

1980 

49,330 

7,121 

42,209 

44,923 

6,568 

38.355 

4.407 

553 

3,854 

1981 

32.650 

5.180 

27.470 

31.051 

4.581 

26,470 

1.599 

599 

1,000 

*  Primarily  Douglas-fir. 


Table  A4.— Hardwood  lumber  shipments  from  the  United  States  to 
Puerto  Rico,  by  species.  1971  -HI 


Year 


Total 


Ash  & 
Hickory 


Oak 


Walnut 


Other 


1971 

2,873 

96 

-thousand  bd.  ft.  — 
1,395 

9 

1,373 

1972 

2,793 

21 

1,288 

23 

1,461 

1973 

1,907 

13 

896 

0 

998 

1974 

3,877 

247 

792 

1,014 

1,824 

1975 

2,96.5 

358 

637 

0 

1,970 

1976 

3.953 

86 

2,138 

1.50 

1.579 

1977 

1,499 

38 

513 

58 

890 

1978 

4,489 

14 

2,883 

97 

1.495 

1979 

5,884 

0 

4.312 

0 

1,572 

1980 

5,411 

25 

2,254 

115 

3,017 

1981 

8,152 

18 

2,181 

25 

5,928 

Table  A5.—  Wood  panel  shipments  from  the  United  States  to  Puerto  Rico,  1971  -  81 


Veneer 

Plywood 

Particleboard 

Year 

Total 

Softwood 

Hardwood 

Total 

Softwood 

Hardwood 

Other 

1971 

839 

16 

823 

41,648 

39,301 

1,204 

1,143 

3,431 

1972 

184 

0 

184 

46.929 

43,663 

1,939 

1,327 

5.135 

1973 

233 

205 

28 

49,214 

44,629 

2,380 

2,205 

4,914 

1974 

1.280 

0 

1,280 

57,452 

48.048 

5,408 

3,996 

22,194 

1975 

3,340 

0 

3,340 

68,152 

64,961 

1.122 

2,069 

4,229 

1976 

190 

0 

190 

71,384 

62,831 

709 

7,844 

13,694 

1977 

79 

0 

79 

49,.500 

48,069 

442 

989 

13,167 

1978 

10,766 

136 

10,6.30 

89,168 

88,202 

880 

86 

4,374 

1979 

44,808 

233 

44,575 

53,051 

52,039 

476 

536 

28,750 

1980 

19,558 

396 

19,162 

47,866 

46,726 

839 

301 

39,538 

1981 

23,957 

383 

23,574 

78,956 

75,025 

3,725 

206 

28.630 

Table  A6.— Shipments  of  miscellaneous  wood  articles  from  the  United  States  to  Puerto  Rico,  1971  -81 


Year 

Total 

Fuelwood 

Cooperage 

Builder's 

Prefab  wood 

Decorative 

Wood 

Other 

& 

wood  work 

structures 

wood  articles 

handles 

charcoal 

, 

,  J  j„;;„_„ 

1971 

5.178 

71 

286 

1,688         284 

402 

152 

2,295 

1972 

6,695 

112 

678 

1,351 

315 

599 

707 

2,933 

1973 

7,504 

197 

730 

1,560 

277 

775 

507 

3,458 

1974 

7,721 

218 

473 

1,493 

263 

560 

387 

4,322 

1975 

7,003 

363 

494 

1.183 

311 

448 

238 

3,966 

1976 

6,900 

376 

660 

1,270 

191 

418 

254 

3,731 

1977 

5,752 

331 

476 

810 

293 

862 

278 

2,703 

1978 

6,760 

114 

216 

752 

334 

925 

150 

4,269 

1979 

7,720 

458 

779 

698 

274 

1,016 

94 

4,401 

1980 

9,461 

666 

297 

873 

306 

923 

154 

6,242 

1981 

9,104 

700 

282 

780 

322 

874 

338 

5,808 
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SUMMARY 

A  survey  of  forest  structure,  species  composition,  and  change  in  forest  eireas  over  a  44 
year  period  was  conducted  on  39.5  ha  of  forest  lands  in  Dorado,  Puerto  Rico,  where  H.  A. 
Gleason  and  M.  T.  Cook  had  studied  forest  conditions  in  1926.  A  total  of  51  tree  species 
were  found  in  the  study  area.  Six  forest  types  were  identified  on  white  sands  and  poorly 
drained  clay  soil.  The  most  complex  forest  was  the  19.7  m  tall  old  secondary  forest  with  32 
tree  species,  1,880  stems/ha,  a  basal  area  of  41.6  mVha,  and  a  complexity  index  of  493. 
Abandoned  palm  groves  (5  tree  species),  a  disturbed  open  forest  with  9  tree  species  and 
dominated  by  Hymenaea  courbaril,  a  Clusia-Zyzygium  forest  (11  tree  species),  and  a  young 
secondary  forest  with  19  tree  species  (also  dominated  by  H.  courbaril)  were  all  undergoing 
succession  towards  the  old  secondary  forest.  This  forest  is  considered  to  be  the  climax  on 
white  sands.  In  flooded  soils,  Pterocarpus  officinalis  and  six  other  tree  species  form  a  climax 
swamp  forest  that  has  not  changed  in  composition  for  the  last  54  years.  In  terms  of  forest 
area,  however,  Pterocarpus  and  old  secondary  forests  have  been  reduced  by  30  percent  and 
79  percent,  respectively.  The  primary  cause  of  the  changes  in  forest  areas  has  been  human 
intervention:  direct,  through  cutting,  and  indirect,  through  changes  in  drainage  conditions. 
The  study  forests,  however,  support  four  endangered  plant  species  and  an  endangered  bird 
species.  Their  social,  scientific,  and  intrinsic  values  are  significant. 


Cover  photo:  Isolated  Pterocarpus  forest  trees  in  the  Dorado  golf  course. 


Structure  and  Composition  of  Moist  Coastal  Forests  in 

Dorado,  Puerto  Rico 

Julio  C.  Figueroa,  Luis  Totti,  Ariel  E.  Lugo,  and  Roy  O,  Woodbury 


INTRODUCTION 

In  1926,  H.  A.  Gleason  and  M.  T.  Cook  (1927)  stud- 
ied the  moist  coastal  forests  on  property  belonging  to 
a  Ms.  Livingston,  located  just  west  of  Dorado,  Puerto 
Rico.  They  described  in  some  detail  what  they  termed 
"the  forest  of  the  lowland  white  sands,"  dominated 
by  Mammea  americana  and  Calophyllum  brasiliense. 
These  trees  were  up  to  20  m  in  height  and  about  a 
meter  in  diameter.  Gleason  and  Cook  reported  that, 
due  to  clearing  for  agriculture,  forests  such  as  these 
had  all  but  disappeared  from  the  north  coast  of 
Puerto  Rico.  The  estate  of  Ms.  Livingston  contained 
what  they  considered  the  only  undisturbed  remnant 
of  this  type.  Fifty-four  years  later,  in  1980,  the  U.S. 
Forest  Service  was  asked  by  the  new  owners  of  this 
property  to  evaluate  the  condition  of  the  forests  in  a 
39.5  ha  section  (known  as  "Parcel  F")  that  encompas- 
ses the  forested  areas  visited  by  Gleason  and  Cook  in 
1926.  Because  of  the  importance  of  this  forest  type  to 
the  general  understanding  of  forests  in  Puerto  Rico's 
north  coast,  the  U.S.  Forest  Service's  Institute  of 
Tropical  Forestry  agreed  to  conduct  the  study.  An 
analysis  that  paralleled  that  of  Gleason  and  Cook's 
was  undertaken.  Additional  observations  were  made 
to  describe,  in  quantitative  terms,  changes  that  have 
occurred  since  that  time.  This  paper  describes  the 
results  of  the  recent  study  and  compares  them  with 
the  observations  made  by  Gleason  and  Cook. 

SITE    DESCRIPTION 

The  study  site  lies  within  the  subtropical  moist 
forest  Ufe  zone  (Ewel  and  Whitmore  1973),  northwest 
of  the  town  of  Dorado  on  the  north  coast  of  Puerto 
Rico  (fig.  1).  Mean  annual  temperature  is  25.4''C,  and 
total  annual  rainfall  is  1,688  mm  (Alvarez  1982).  Ele- 
vation ranges  from  0  to  10  m  above  sea  level.  Depos- 
ited s£mds  of  both  tuffaceous  and  calcareous  origin 
(Roberts  1942),  with  varying  drainage  capacities, 
comprise  the  soils  within  the  site  (fig.  2): 


Catano  sand  (well-drained  phase).  This  soil  is 
found  in  long  narrow  strips  (some  wider  than  300 
m)  along  the  coastline.  It  is  characterized  by  a  15 
to  20  cm  thick  dark  friable  sandy  surface  layer 
underlain  by  a  lighter  colored  calcareous  layer.  In 
the  past,  coconut  plantations  were  grown  on 
these  soils. 

Catano  sand  (poorly-drained  phase).  This  soil  is 
similar  to  the  one  just  described,  but  because  of 
its  location  (at  low  elevations  close  to  lagoons  or 
the  ocean)  the  water  table  is  within  45  cm  of  the 
surface  and  drainage  is  poor. 


Figure  1.— Location  map  of  the  study  area.  Circled  numbers  corre- 
spond to  State  Roads. 


Figueroa,  Totti,  and  Lugo;  Institute  of  Tropical  Forestry,  Southern  Forest  Experiment  Station,  USDA  Forest  Service,  P.O.  Box  AQ,  Rio 
Piedras,  PR  00928.  Woodbury,  Department  of  Natural  Resources,  P.O.  Box  5887,  San  Juan,  Puerto  Rico  00906. 


Figure  2.— Soils  map  of  the  study  area  (Roberts  1942). 


•  Corozo  fine  sand.  This  soil  is  landward  from  the 
previous  two  and  is  one  of  the  most  infertile  soils 
of  the  coastal  plains.  It  is  well  drained  but 
extremely  acid. 

•  Martin  Pefia  clay.  This  soil  is  characterized  by  a 
dark  plastic  acid  clay  surface  layer  20  to  25  cm 
thick  overlying  a  layer  of  lighter  colored,  more 
compact  plastic  clay  that  gradually  changes  to 
substratum  at  a  depth  of  75  to  100  cm.  This  sub- 
stratum is  similar  to  the  subsoil  but  less  heavy 
and  more  compact.  Martin  Pena  clays  occupy  low 
areas  intermediate  in  location  between  the  soils  of 
the  coastal  lowlands  and  river  flood  plains.  The 


water  table  is  high,  keeping  the  compact  subsoil 
wet  for  considerable  time  periods  throughout  the 
year.  As  a  consequence,  there  is  practically  no 
natural  surface  drainage,  and  internal  drainage  is 
restricted. 

St.  Lucie  sand.  This  soil  is  readily  recognized  b> 
its  nearly  white  surface  color  and  dune-like  relief 
Its  strongly  acid,  fine-sand  surface  layer  changes 
very  little  in  color,  texture,  structure,  or  consist 
ency  for  depths  of  up  to  4  m.  In  some  places 
though  at  considerable  depths,  this  soil  is  under 
lain  with  material  very  similar  to  that  found 
under  Corozo  fine  sand.  Though  faintly  developec 
in  some  areas,  an  orggmic  hardpan  layer  is  present 
throughout. 


METHODS 

The  study  consisted  of  three  phases.  First,  a  pn 
liminary  survey  of  species  and  tree  communities  wa 
performed  throughout  the  property  to  gain  familiar 
zation  with  the  vegetation  and  the  site.  Next,  2] 
10  X  10  m  plots  were  placed  randomly  throughout  th 
property.  All  individuals  with  a  diameter  at  breaj 
height  (dbh)  greater  than  2.5  cm  were  indentified  i 
each  plot.  Measurements  of  dbh  and  height  wer 
taken  and  the  crown  position  noted.  With  these  dati 
st£md  basal  area,  tree  density,  species  importanc 
values,  and  complexity  index  were  calculated.  Th 
complexity  index  was  calculated  as  the  product  c 
basal  area,  stand  density,  tree  height  (average  c 
three  tallest  trees),  and  number  of  species  (in  0.1  ha 
divided  by  1000  (Holdridge  1967).  All  species  nomer 
clature  is  in  accordance  with  that  of  Liogier  and  Maj 
torell  (1982).  Aerial  photographs  obtained  from  th 
Puerto  Rico  Highway  Authority  were  used  to  delin( 
ate  forest  types  and  study  changes  in  coverage  ove 
44  years,  using  photos  for  1937,  1950,  and  1981. 


Table  \  .Structure  of  six  forest  types  recognized  on  the  moist  coastal  white  sands  of  Dorado,  Puerto  Rico  (Parcel 
"F'V 


Forest  type 

Study 

Number 

Tree 

Basal 

Height* 

Complexity* 

plotst 

of  species 

density" 

area 

index 

no/ha 

m'/ha 

m 

Abandoned  palm  grove 

2 

5 

1600 

32.6 

12.3 

32 

Disturbed  and  open 

2 

9 

1000 

21.8 

17 

33 

Pterocarpus  forest^ 

7 

1680 

44.6 

19.0 

100 

Clusia-Syzygium 

6 

11 

3200  (567)« 

25.6(7.0) 

20.7 

187 

Young  secondary 

6 

19 

1833(174) 

29.0(7.1) 

19.3 

194 

Old  secondary 

5 

32 

188^(299) 

41.6(5.3) 

19.7 

493 

fAll  plots  were  100  m-  and  all  trees  with  diameter  at  breast  height  >  2.5  cm  were  considered. 

"Clumps  were  counted  as  1  individual. 

'Average  of  tallest  three  trees. 

♦Complexity  index  =  (no.  of  tree  species)  (tree  density)  (basal  area)  (height)  (10  "^). 

^From  Alvarez  1982. 

^Standard  error  of  mean  is  in  parentheses. 


Table  2.— Relative  values  of  tree  density  and  basal  area  for  the  three  most  important  species  in 
each  forest  type  of  a  coastal  moist  forest  in  Dorado,  Puerto  Rico 


Species 

Tree  densityt 

Basal  area 

Importance 
valuet 

percent 

Old  secondary  forest 

Manilkara  bidentata 

21 

42 

32 

Lonchocarpus  latifolius 

6 

11 

9 

Pisonia  subcordata 

8 

4 

6 

Sub-total 

35 

57 

47 

29  other  species 

65 

43 

53 

Young  secondary  forest 

Hymenaea  courbaril 

19 

48 

34 

Bucida  buceras 

11 

21 

Quararibaea  turbinata 

12 

3 

8 

Sub-total 

32 

72 

53 

16  other  species 

68 

28 

47 

Clusia-Syzygium  forest 

Clusia  rosea 

28 

81 

55 

Syzygium  jambos 

54 

12 

33 

Ocotea  leucoxylon 

6 

2 

4 

Sub-total 

88 

95 

92 

8  other  species 

12 

5 

8 

Pterocarpus  forest 

Pterocarpus  officinalis 

74 

48 

61 

Bucida  buceras 

14 

43 

29 

Culophyllum  brasiliense 

10 

5 

8 

Sub-total 

98 

96 

98 

4  other  species 

2 

4 

2 

Disturbed  open  forest 

Hymenaea  courbaril 

13 

55 

34 

Syzygium  jambos 

42 

10 

26 

Ocotea  leucoxylon 

21 

4 

13 

Sub-total 

76 

69 

73 

6  other  species 

24 

31 

27 

Abandoned  palm  grove 

Cocos  nucifera 

22 

84 

53 

Lonchocarpus  latifolius 

42 

10 

26 

Amphitecna  latifolia 

25 

2 

14 

Sub-totals 

89 

96 

93 

2  other  species 

11 

4 

7 

tRelative  values  of  density  and  basal  area  expressed  as  percentages  of  the  totals  for  each  type, 
t Importance  value  =  relative  density  -i-  relative  basal  area  divided  by  2. 
♦From  Alvarez  1982. 


RESULTS 


Abandoned  Palm  Grove 


Six  forest  types  were  recognized  in  the  study  area 
in  1981  (table  1,  fig.  3c).  The  groupings  were  selected 
for  convenience  and  reflect  stands  that  can  be  easily 
identified  by  their  physiognomy  as  dictated  by  pre- 
vious land  use.  However,  we  will  refer  to  the  tradi- 
tional forest  nomenclature  in  several  locations  in  the 
text  where  such  distinction  is  necessary.  The  struc- 
ture and  species  composition  of  the  six  forest  types 
mapped  will  be  discussed  according  to  their  vegeta- 
tion complexity,  beginning  with  the  simplest  forest. 
Table  2  Hsts  the  dominant  species  on  each  forest  type 
and  their  importance  value. 


This  grove  was  once  a  commercial  plantation  and 
is  now  invaded  by  successional  species  such  as  Lon- 
chocarpus latifolius,  Amphitecna  latifolia,  and  Cordia 
laevigata.  Five  tree  species  were  found  on  the  two 
plots  established  in  this  forest  type.  The  grove  was 
pleinted  on  Catano  and  Corozo  sands  and  had  the 
shortest  canopy  height  but  a  relatively  large  basal 
area.  This  area  is  notable  because  it  supports  the  larg- 
est breeding  colony  of  the  endangered  white-crowned 
pigeon  {Columba  leucocephala)  on  the  north  coast  of 
Puerto  Rico  (Wiley  1979). 


LEGEND: 

[         I  DISTURBED  OPEN  FOREST  [    ;|  OLD  SECONDARY  FOREST 

I     I  YOUNG  SECONDARY  FOREST  |^:x  ;  |  CLUSI A  -  SYZ YGIUM  FOREST 

PTEROCARPUS  FOREST  Wy^   ABANDONED  PALM  GROVE 


Figure  3.— Maps  of  forest  types  in  the  study  area  corresponding  to:  (a)  1937,  (b)  1950,  and  (c)  1981. 


Disturbed  Open  Forest 

This  forest  is  located  on  the  southeastern  portion 
of  the  property.  Nine  tree  species  were  found  in  this 
forest  type,  dominated  by  Hymenaea  courbaril,  Syzy- 
gium  jambos,  and  Ocotea  leucoxylon.  The  forest  tree 
density  and  basal  area  were  1,000  trees/ha  and  21.8 
mVha.  Canopy  height  was  17  m.  This  forest  exhibited 
successional  characteristics  such  as  a  high  density  of 
vines  and  wide  open  areas  with  few  large  trees. 

Pterocarpus  Forest 

This  forest  wetland  covers  0.7  ha  of  poorly  drained 
Martin  Pefia  clays.  Seven  tree  species  are  found  in 
this  area,  but  only  one  species  is  dominant,  Pterocar- 
pus officinalis.  Other  species  of  importance  were  Buc- 
ida  buceras  and  Calophyllum  brasiliense.  No  experi- 
mental plots  were  estabhshed  in  this  area,  because 
this  particular  forest  stand  was  studied  in  deteiil  by 
Alvarez  (1982). 

Clusia-Syzygium  Forest 

This  forest  type  was  found  as  an  uninterrupted 
block  along  the  southern  portion  of  the  property.  The 
forest  is  swampy,  although  it  grows  on  Saint  Lucie 
sands.  The  dominant  species  were  Clusia  rosea,  Syzy- 
gium  jambos,  and  Ocotea  leucoxylon.  The  forest  had 
a  very  high  proportion  of  multiple  stems,  probably 
due  to  coppicing  encouraged  by  past  tree  cutting. 

Young  Secondary  Forest 

Over  half  of  Parcel  F  (23.9  ha)  is  dominated  by  this 
forest  type.  The  dominant  tree  species  were  Hymen- 
aea courbaril,  Bucida  buceras,  and  Quararibaea  turbi- 
nata. 

Old  Secondary  Forest 

This  was  by  far  the  most  complex  forest  type  sam- 
pled. It  was  found  surrounding  the  Pterocarpus  for- 
est on  Martin  Pena  clays.  The  forest  is  characterized 
by  the  presence  of  such  species  as  Manilkara  biden- 
tata,  Lonchocarpus  latifolius,  Pisonia  albida,  Calo- 
phyllum brasiliense,  Mastichodendron  foetidissi- 
mum,  Zanthoxylum  martinicense,  and  Ocotea  glo- 
bosa.  Areas  within  this  forest  type  were  found 
completely  covered  by  the  herbaceous  Anthurium 
crenatum.  This  is  a  unique  forest  and  one  of  the  two 
remaining  examples  of  fairly  undisturbed  moist 
coastal  forests  in  Puerto  Rico.  The  other  example  is 
located  in  the  Manati  Eu-ea,  west  of  the  study  site. 

Changes  in  Forest  Area 

In  figures  3(a  -  c)  and  4,  we  reconstructed  the  his- 
torical change  in  forest  cover  on  the  study  site.  In 
1937  (fig.  3a)  90  percent  of  the  property  was  in  some 


Figure  4. —Changes  in  the  proportion  of  total  land  area  covered  by 
each  of  six  forest  types  in  the  study  area. 

degree  of  alteration  (i.e.  disturbed  open,  young  sec- 
ondary forest,  and  coconut  plantation).  The  Clusia- 
Syzygium  forest  could  not  be  detected  in  the  photo- 
graph. Only  10  percent  of  the  area  was  in  natural  for- 
est. By  1950  (fig.  3b),  the  area  of  old  secondary  forest 
had  decreased  46  percent  and  the  area  of  Pterocarpus 
forest  had  been  reduced  by  10  percent  (table  3).  A 
Clusia-Syzygium  forest  replaced  most  of  the  dis- 
turbed open  forest  while  the  palm  grove  was  invaded 
by  secondary  forest.  Today  (fig.  3c),  young  secondary 
forest  covers  60  percent  of  the  site  and  all  other  forest 
types  have  decreased  in  proportion.  Construction  of  a 
golf  course  west  of  the  study  area  has  caused  changes 
in  drainage  patterns  resulting  in  serious  decHnes  of 
both  the  Pterocarpus  and  old  secondary  forests.  On 
the  southern  portion  of  the  site,  the  successional  Clu- 
sia-Syzygium forest  has  continued  to  increase  in  area, 
partly  due  to  impeded  drainage  in  the  area. 

In  summary,  net  changes  over  the  last  44  years 
show  an  82  percent  decrease  in  disturbed  open  forest 
(replaced  by  the  Clusia-Syzygium  forest);  a  30  percent 
loss  of  Pterocarpus  forest,  a  79  percent  loss  of  old 
secondary  forest,  and  an  encroachment  of  64  percent 
into  the  palm  grove  by  young  secondary  forest. 


Abandoned  palm  grove  being  invaded  by  sec- 
ondary forest. 


Disturbed  open  forest. 


Pterocarpus  forest. 


Clussia-Zyzygium  forest. 


Old  secondary  forest. 


Young  secondary  forest. 


Table  3.— Temporal  change  in  areal  distribution  by  forest  type  in 
Parcel  F,  Dorado,  Puerto  Rico 


Forest  type 


Areat 


1937 


1950 


1981 


Old  secondary  forest 
Young  secondary  forest 
Clusia-Syzygium  forest 
Pterocarpus  forest 
Disturbed  open  forest 
Abandoned  palm  grove 


2.8 

1.5 

0.6 

16.5 

17.2 

23.9 

7.4 

10.1 

1.0 

0.9 

0.7 

14.8 

8.5 

2.6 

4.4 

4.0 

1.6 

tTotal  area  of  Parcel  F  is  39.5  ha. 


Table  4.— Endangered  plant  species  in  the  coastal  moist  forest  of 
Dorado 


Forest  type 


Endangered  species 


Life  form 


Young  secondary  forest 
Pterocarpus  forest 
Pterocarpus  forest 
Old  secondary  forest 


Cassia  mirabilis(E)t*  herb 

Sabicea  cinerea  shrub 

Epidendrum  kraenzlinii  (E)  epiphyte 

Ficus  stahlii*  tree 


t(E)  =  Endemic. 
♦Observed  on  the  property. 


Species  Relationships 

Our  survey  of  the  arboreal  vegetation  was  suffi- 
cient to  typify  species  composition  in  the  study  site. 
All  communities  were  sampled  at  an  intensity  suffi- 
cient to  obtain  a  species-area  curve  with  a  flat  asymp- 
tote (fig.  5).  It  is  obvious  from  these  curves  that  the 
richest  forest  stand  was  the  old  secondary  forest  fol- 
lowed by  the  young  secondary  forest.  Table  5  con- 
tains a  hsting  of  all  tree  species  encountered  in  the 
survey.  Four  presently  considered  endangered  spe- 
cies were  observed  in  the  study  site  (table  4).  It  is 
clear  from  these  results  that  the  study  area  has  a  rich 
and  unique  assemblage  of  tree  and  other  plant  spe- 
cies. The  old  secondary  forest  supports  84  percent  of 
all  the  species  in  the  region.  Thus,  as  already  sug- 
gested by  Gleason  and  Cook,  the  forest  communities 
in  Parcel  F,  with  the  exception  of  the  Pterocarpus 
forest,  are  all  part  of  one  floristic  assemblage  that 
converges  in  a  climax  forest  similar  to  the  old  second- 
ary forest.  This  forest  is  known  either  as  a  moist 
coastal  forest  on  white  sands  or  as  a  coastal  dry  ever- 
green forest  on  silica  sands. 


DISCUSSION 

Comparison  With  the  Survey  of  Gleason  and  Cook 

Not  all  of  the  species  hsted  by  Gleason  and  Cook  in 
1926  were  sampled  on  the  site  in  the  present  study. 
The  extensive  loss  of  mature  forest  area  could  explain 
why  some  were  not  encountered.  The  most  significant 


changes,  however,  have  been  in  the  area  occupied  by 
the  different  forests.  For  example: 

The  original  beach  strand  forest  formation  has 
been  almost  completely  altered.  Considerable  time 
and  lack  of  additiouEil  disturbance  would  be  needed 
for  this  area  to  revert  to  its  natural  state.  This  beach 
strsmd  formation  that  once  included  over  100  woody 
species,  harboring  trees  over  10  m  in  height,  was 
dominated  by  species  of  Cassine,  Coccoloba,  and  Mor- 
inda.  Today,  young  secondary  forests  occupy  these 
locations. 

The  dry  evergreen  forest  located  next  to  the  beach 
and  north  of  the  Pterocarpus  swamp  forest  was  a  two- 
storied  formation  with  strata  at  10  and  20  m.  This 
forest  had  several  tree  species  that  attained  diame- 
ters of  1  m  or  more.  Examples  are  Bucida  buceras, 
Calophyllum  brasiliense,  Mammea  americana,  Masti- 
chodendron  foetidissimum,  and  Manilkara  bidentata. 
Many  smaller  trees  reached  the  upper  canopy,  such 
as  Lonchocarpus  latifolius,  Ocotea patens,  O.  globosa, 
Chione  venosa,  Zanthoxylum  martinicense,  and 
Cupania  americana. 

The  second  story  (10  m)  was  dominated  by  such 
trees  as  Faramea  occidentalis,  Ixora  ferrea,  Eugenia 
biflora,  Mouriri  helleri,  Casearia  guianensis,  Pimenta 
racemosa  var.  grisea,  and  Ardisia  obovata.  Today, 
except  for  the  area  next  to  the  Pterocarpus  swamp 
forest,  this  area  is  mostly  coconut  grove  and  young 
secondary  forest  covered  with  Cocos  nucifera,  Ter- 
minalia  catappa^  and  Bucida  buceras. 

The  original  coasted  dry  evergreen  forest  on  sihca 
sand  was  also  disturbed.  This  forest  was  originally 
dominated  by  the  following  large  upper  story  trees: 
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Figure  b.— Species-area  curve  for  six  forest  types  in  the  study  area. 


Hyntenaea  courbaril,  Buchenavia  capitata,  Spondias 
motnbin,  Andira  inermis,  Manilkara  bidentata,  Ficus 
trigonata,  Guapira  fragrans,  Cinnamomum  elonga- 
turn,  Ocotea  flonbunda,  O.  patens,  O.  globosa,  Inga 
fagifolia,  Guarea  guidonia,  and  Mastichondendron 
foetidissimum. 

The  disturbed  areas  today  contain  mostly  Clusia 
rosea  and  Syzygium  jambos.  The  majority  of  these 
disturbed  areas  are  in  different  stages  of  recovery  as 


indicated  by  the  following  trees:  Myrcia  splendens, 
Eugenia  biflora,  Myrciaria  floribunda,  Ocotea  patens, 
O.  globosa,  Faramea  occidentalis,  Buchenavia  capi- 
tata, Ardisia  obovata,  Chione  venosa,  Cupania  ameri- 
cana,  Montezuma  grandiflora,  Spondias  mornbin, 
Andira  inermis,  Byrsonima  spicata,  Zanthoxylum 
martinicense,  and  other  less  common  species. 

The  swampy  Pterocarpus  forest  was  and  still  is 
dominated  by  Pterocarpus  officinalis.  Co-dominant 


Table  5.— Distribution  of  all  tree  species  tallied  by  forest  type  in  the  moist  coastal  forests  of  Dorado,  Puerto  Rico 


Species 


Forest  types 


Secondary  Clusia-         Pterocarpust       Disturbed    Abandoned 

Old     Young       Syzygium  open  palm  grove 


Alchomea  latifolia  Sw. 

Andira  inermis  (W.  Wright)  HBK. 

Amphitecna  latifolia  (Miller) 

A.  Gentry* 
Bourreria  succulenta  Jacq.  var. 

succulenta 
Buchenavia  capitata  (Vahl)  Eichl. 
Bucida  buceras  L. 
Bursera  simaruba  (L.)  Sarg.* 
Byrsonima  spicata  (Cav.)  HBK. 
Calophyllum  brasiliense  Jacq.* 
Calyptranthes  sintenisii  Kiaersk. 
Casearia  guianensis  (Aubl.)  Urban* 
Chrysophyllum  argenteum  Jacq. 
Citharexylum  fruticosum  L. 
Clusia  rosea  Jacq.* 
Coccoloba  diversifolia  Jacq. 
Cocos  nucifera  L. 
Cordia  laevigata  Lam. 
Cupania  americana  L.* 
Dendropanax  arboreus  (L.) 

Decne.  &  Planch* 
Dendropanax  laurifolius  (E.  March.) 

Decne.  &  Planch  ex.  Schneid.* 
Didymopanax  morototoni  (Aubl.) 

Decne.  &  Planch 
Drypetes  alba  Poir 
Eugenia  biflora  (L.)  DC. 
Eugenia  monticola  (Sw.)  DC* 
Faramea  occidentalis  (L.)  A.  Rich. 
Ficus  citrifolia  P.  Miller 
Guapira  fragrans  (Dum.-Cours.)  Little 
Guarea  glabra  Vahl. 
Hymenaea  courbaril  L. 
Inga  fagifolia  (L.)  Willd. 
Licaria  parvifolia  (Lam.) 

Kostermans 
Lonchocarpus  latifolius  (Willd.)  DC. 
Mangifera  indica  L. 
Manilkara  bidentata  (A.  DC.) 

A.  Chev.* 
Myrcia  leptoclada  DC. 
Myrcia  floribunda  (West  ex  Willd.) 

Berg. 
Ocotea  coriacea  (Sw.)  Britton* 
Ocotea  globosa  (Aubl.) 

Schlecht.  &  Cham. 
Ocotea  leucoxylon  (Sw.)  Mez. 
Ouratea  littoralis  Urban 
Palicourea  crocea  va.  riparia 

(Benth.)Griseb.* 


X 

X 


X 

X 
X 
X 
X 


X 

X 

X 

X 
X 


X 
X 


X 

X 


X 

X 

X 
X 
X 
X 


X 


X 
X 


X 
X 


X 


X 
X 


X 
X 


X 
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Table  5.— Distribution  of  all  tree  species  tallied  by  forest  type  in  the  moist  coastal  forests  of  Dorado,  Puerto  Rico- 
Continued. 


Species 


Forest  types 


Secondary 
Old    Young 


Clusia-         Pterocarpust 
Syzygium 


Disturbed    Abandoned 
open  palm  grove 


Piper  aduncum  h.*  X 

Pisonia  subcordata  (Sw.) 

ex  Standi.*  X 

Pterocarpus  officinalis  Jacq. 
Quararibaea  turbinata  (Sw.)  Polr. 
Randia  aculeata  L.* 
Roystonea  borinquena  O.F.  Cook*t 
Syzygium  jambos  (L.)  Alst.* 
Tabebuia  heterophylla  (DC.)  Britton*  X 

Trichilia  hirta  L.  X 

Zanthoxylum  martinicense  (Lam.)  DC*  X 

Total  32 


X 

X 
X 


X 

19 


11 


tFrom  Alvarez  1982. 

*Also  recorded  by  Gleason  and  Cook  (1926). 

tEndemic. 


species  include  Bucida  buceras,  Roystonea  borin- 
quena, and  several  fringe  species  such  as  Andira  iner- 
mis,  Calophyllum  brasiliense,  Manilkara  bidentata, 
Ardisia  obovata,  Ocotea  leucoxylon,  Coccoloba  ven- 
osa,  and  Calyptranthes  sintenisii.  The  mgdn  impact  on 
this  forest  has  been  its  reduction  in  area  rather  than  a 
change  in  species  composition. 


The  Factors  of  Change 

Many  factors  combine  to  cause  vegetation  changes 
such  as  those  described.  However,  two  can  be  singled 
out  in  the  study  site:  1)  direct  human  intervention  by 
cutting  and  replanting,  and  2)  indirect  human  effects 
mostly  through  changes  in  drainage.  Direct  human 
intervention  was  responsible  for  the  destruction  of 
the  beach  strand  vegetation  (through  planting  of  the 
coconut  grove)  and  most  of  the  changes  that  occurred 
on  the  southern  portion  of  the  property  near  the  road. 
These  forces  Eire  no  longer  active,  and  the  vegetation 
on  these  areas  is  in  a  clear  process  of  recovery.  But 
the  speed  of  recovery  is  slow  because  the  infertile 
soils  present  regeneration  problems  to  the  forest 
communities. 

Changes  in  drainage  are  more  subtle  in  their  effect, 
but  they  nevertheless  have  played  a  significant  role  in 
reducing  the  area  of  both  Pterocarpus  and  old  second- 
ary forests.  The  last  extension  to  the  golf  course  was 
particularly  harmful  in  this  respect  (see  cover). 

In  addition  to  these  two  major  forces  of  change,  it 
is  evident  that  the  area  has  been  subjected  to  selec- 
tive logging  in  the  past.  This  has  left  its  mark  on  the 
forest  in  a  profusion  of  vines  and  an  abundant  num- 
ber of  sprouts  and  coppice  growth  in  the  surviving 
stumps. 


Forest  Values 

It  is  obvious  that  the  old  secondary  forest  and  the 
Pterocarpus  forest  cannot  sustain  much  more  humein 
impact  and  still  survive.  These  forest  types  are 
among  the  most  endangered  forest  ecosystems  in 
Puerto  Rico.  Their  value  rests  in  their  limited  repre- 
sentation elsewhere,  high  biological  productivity, 
unique  habitats,  and  outstanding  floral  composition. 
Because  they  grow  in  stressed  environments  (one  is  a 
wetland  and  the  other  grows  on  very  nutrient-poor 
sands),  they  are  also  of  unique  interest  to  science  and 
acquire  enormous  intrinsic  emd  social  value. 

The  young  secondary  forests  and  the  Clusia-Syzy- 
gium  forest  represent  two  advanced  stages  of  forest 
recovery  in  the  region.  Their  species-area  curves  (fig. 
5)  and  species  composition  (table  5)  are  clearly  mov- 
ing toward  those  of  the  old  secondary  forest.  These 
forests  will  eventually  reach  a  stature  similar  to  the 
old  secondeiry  forest  and  their  biotic  value  rests  in 
their  potential  as  well  as  their  advanced  stage  of 
recovery.  Topographically,  they  buffer  the  Pterocar- 
pus and  old  secondary  forest  (fig.  3c)  and  may  be  very 
important  as  protective  agents  to  the  two  endangered 
forest  ecosystems.  More  research  is  needed  on  forest 
regeneration  and  water  relations  to  be  able  to  pin- 
point the  interrelationships  between  the  young  and 
old  secondary  forests.  The  presence  of  endangered 
and  endemic  species  in  these  stands  adds  to  their 
biotic  value.  Because  of  the  harshness  of  the  soils  on 
which  they  grow,  it  is  difficult  to  predict  how  long  it 
will  be  before  these  forests  reach  full  maturity.  This 
also  requires  more  research. 

An  open  disturbed  forest  and  coconut  groves  are 
the  remnants  of  a  time  when  intensive  human  activ- 
ity regulated  forest  areas  on  the  site.  These  groves 
will  also  become  mature  forests,  but  their  recovery  is 
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many  times  slower  due  to  the  more  complete  modifi- 
cation of  the  sites  by  humans.  Their  value  at  the  pre- 
sent is  confined  to  soil  protection  and,  of  course,  the 
support  of  wildlife,  as  is  evident  in  the  case  of  the 
white-crowned  pigeon  colonies  in  the  coconut  grove. 


LITERATURE    CITED 

Alveirez,  M.  A  comparison  of  the  structure  and  ecol- 
ogy of  Pterocarpus  officinalis  Jacq.  forested  wet- 
lands in  Puerto  Rico.  Rio  Piedras,  PR:  University 
of  Puerto  Rico;  1982.  96  p. 

Ewel,  J.  J.;  Whitmore,  J.  L.  The  ecological  life  zones 
of  Puerto  Rico  and  the  U.S.  Virgin  Islands.  Res. 
Pap.  ITF-18.  Rio  Piedras,  PR:  U.S.  Department  of 
Agriculture,  Forest  Service,  Institute  of  Tropical 
Forestry;  1973.  72  p. 


Gleason,  H.  A.;  Cook,  M.  T.  Plant  ecology  of  Porto 
Rico.  In:  Scientific  Survey  of  Porto  Rico  and  the 
Virgin  Islands.  New  York:  New  York  Academy  of 
Sciences;  1926:  1-173.  Vol.  7,  Parts  1-2  plus 
plates. 

Holdridge,  L.  R.  Life  zone  ecology.  San  Jose,  Costa 
Rica:  Tropical  Science  Center;  1967.  206  p. 

Liogier,  H.  A.;  Martorell,  L.  F.  Flora  of  Puerto  Rico 
and  adjacent  islands;  a  systematic  synopsis.  Rio 
Piedras,  PR:  Editorial  de  la  Universidad  de  Puerto 
Rico;  1982.  342  p. 

Roberts.  R.  C.  Soil  survey  of  Puerto  Rico.  Series 
1936,  No.  8.  Washington,  DC:  U.S.  Department  of 
Agriculture,  Bureau  of  Plant  Industry  and  Univer- 
sity of  Puerto  Rico  Agriculture  Experiment  Sta- 
tion; 1942.  503  p. 

Wiley,  James  W.  The  white-crowned  pigeon  in  Puerto 
Rico:  status,  distribution,  and  movements.  Journal 
of  WildUfe  Management.  43(2):  402  -  413;  1979. 


11 


Figueroa,  Julio  C;  Totti,  Luis;  Lugo,  Ariel  E.;  Woodbury,  Roy 
O.  Structure  and  composition  of  moist  coastal  forests  in 
Dorado,  Puerto  Rico.  Res.  Pap.  SO-202.  New  Orleans,  LA: 
U.S.  Department  of  Agriculture,  Forest  Service,  Southern 
Forest  Experiment  Station;  1984.  lip. 

Changes  in  forest  structure  and  area  over  a  44-year  period  in 
coastal  moist  forests  in  Puerto  Rico  show  succession  toward 
a  single  climax  on  white  sands.  A  Pterocarpus  forest  has  not 
changed  and  is  considered  a  climax  on  flooded  soils. 

Keywords:  Tropical  forests,  tropical  succession,  forested 
wetlands,  Pterocarpus  swamps. 


*  U.S.    GOVERNMENT   PRINTING   OFFICE:        1984-769-089:13 


^^  United  States 
■;  Department  of 
'  Agriculture 

Forest  Service 

Southern  Forest 
Experiment  Station 

New  Orleans, 
Louisiana 

Research  Paper 
SO-203 
March  1984 


L-O-S-T:  Logging 
Optimization  Selection 
Teclinique 

Jerry  L.  Koger  and  Dennis  B.  Webster 


SUMMARY 

L-O-S-T  is  a  FORTRAN  computer  program  that  can  be  used  to  quantify, 
analyze,  and  improve  user  selected  harvesting  methods.  Harvesting  times  and 
costs  are  computed  for  road  construction,  landing  construction,  system  move 
between  landings,  skidding,  and  trucking.  Nonlinear  harvesting  relationships, 
irregular  boundary  shapes,  nonuniform  timber  densities,  unequal  distances 
between  multiple  landings,  variations  in  road  construction  conditions,  changes 
in  trucking  speeds,  and  heirvesting  restrictions  (environmental,  physical,  and 
time)  can  be  analyzed.  A  linear  programming  formulation  utilizing  the  rela- 
tionships among  marginal  analysis,  isoquants,  and  the  harvesting  methods  is 
used  to  estimate  and  select  the  harvesting  procedure  having  maximum  profits. 
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L-O-S-T:  Logging  Optimization 
Selection  Technique 


Jerry  L.  Roger  and  Dennis  B.  Webster 


INTRODUCTION 

An  age-old  problem  for  timber  harvesters  is  that  of 
selecting  the  location  for  roads  and  landings  that  will 
maximize  profits.  This  complex  problem  is  partially 
due  to:  1)  nonlinear  harvesting  relationships,  2)  non- 
uniform terr£iin  and  timber  characteristics,  3)  irregu- 
lar tract  boundaries  with  interior  obstacles,  and  4)  the 
lack  of  a  general  mathematical  expression  describing 
total  costs  as  a  function  of  road  densities,  landing 
spacings,  skidding  distances,  and  equipment  mixes. 

Existing  Solution  Techniques 

One  of  the  earliest  mathematical  attempts  to  mini- 
mize harvesting  costs  was  by  Matthews  (1942).  To 
simplify  the  problem,  he  assumed:  1)  the  forest 
boundary  could  be  approximated  by  simple  geometric 
shapes,  2)  linear  cost  relationships,  3)  equal  spacings 
between  multiple  landings,  and  4)  uniform  slopes  and 
timber  densities.  Using  an  indirect  method,  Mat- 
thews determined  the  optimum  location  of  roads  and 
landings  by  using  calculus  to  obtain  the  minimum  of 
unconstrained  equations.  Peters  (1978)  extended  this 
approach  by  developing  a  direct  method  to  determine 
optimum  location  of  roads  and  landings.  Although 
Peters  used  most  of  Matthews'  assumptions,  he 
included  landing  costs  and  used  a  mathematically 
accurate  method  developed  by  Suddarth  (1952)  for 
determining  average  skidding  distance.  Corcoran  and 
Sammis  (1975)  developed  a  computer  program  to 
solve  the  road  and  landing  spacing  equations  devel- 
oped by  Matthews.  Their  computer  program  solves 
two  equations  in  two  unknowns  through  a  heuristi- 
cally  iterative  procedure. 

Operations  research  techniques  were  used  very 
early  by  Lussier  (1960,  1961)  to  minimize  harvesting 
costs.  He  developed  equations  useful  in  determining 
the  optimum  number  of  landings,  the  distance 
between  skid  roads,  and  optimum  skid  road  stand- 
ards. Lussier  also  discussed  several  hmitations  on 


using  a  strictly  mathematical  approach  and  in  mak- 
ing simplified  assumptions  in  solving  harvesting 
problems. 

Gibson  and  Egging  (1973)  developed  a  location- 
allocation  model  for  determining  the  optimal  number 
and  location  of  landings  when  using  rubber-tired  skid- 
ders.  A  truncated  enumeration  algorithm  was  used  in 
the  allocation  phase  to  search  systematically  for  a 
local  optimum  solution.  Dynamic  programming  and  a 
branch  and  bound  methodology  were  used  to  find  the 
global  optimal  solution. 

Dykstra  (1976)  used  mathematical  and  heuristic 
programming  to  determine  the  design  of  individual 
cutting  units  and  the  assignment  of  specific  logging 
equipment  to  each  cutting  unit.  He  assumed  that 
timber  within  each  "type  island"  was  homogenous 
and  uniformly  distributed  and  that  only  cable  sys- 
tems would  be  used  to  harvest  timber  on  clearcuts. 
He  also  developed  a  digital  model  to  portray  topogra- 
phy, timber  conditions,  and  harvest  restrictions. 

Carter  et  al.  (1973)  developed  a  computer  model  to 
determine  the  optimum  spacings  of  roads  and  land- 
ings. Their  work  involved  minimizing  harvesting 
costs  in  the  Rocky  Mountain  area  where  timber  was 
accessible  either  by  contour  work-roads  or  switch- 
backs. An  iteration  solution  technique  was  used  to 
find  simultaneous  zero  points  of  the  partial  deriva- 
tives of  the  road  and  landing  spacing  equations. 

Several  simulation  models  have  been  developed  to 
analyze  timber  harvesting  problems.  However,  most 
simulation  models  consider  only  a  single  landing  and 
are  not  specifically  developed  to  determine  the  opti- 
mum location  of  roads  and  landings.  Several  simula- 
tion models  [Forest  Harvesting  Simulation  Model 
(FHSM),  Harvesting  System  Simulator  (HSS).  Simu- 
lation Applied  to  Logging  Systems  (SAPLOS),  and 
Timber  Harvesting  and  Transport  Simulator 
(THATS)]  were  evaluated  by  Goulet  et  al.  (1980). 

Weintraub  and  Navon  (1976)  developed  a  mixed 
integer  linear  programming  model  to  maximize  dis- 
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counted  revenues  from  timber  sales.  Road  construc- 
tion and  maintenance,  timber  management,  emd 
transportation  were  considered.  The  model  was  devel- 
oped as  a  tool  for  decision  in  long  range  forest  plan- 
ning. Constraints  were  allowed  on  available  capital, 
quantity  of  timber  harvested,  haul  capacity  of  each 
road,  and  stand  access.  Kirby  (1974)  and  Newnham 
(1975)  also  developed  mathematical  programming 
models  useful  in  the  long-range  planning  of  harvest- 
ing operations. 

Objectives 

Existing  techniques  have  provided  useful  insights 
into  optimum  timber  harvesting  strategies.  For  har- 
vesting specific  tracts  of  timber  by  ground-based 
skidding  systems,  these  models  are  limited.  Realistic 
harvesting  costs  often  are  not  computed  because 
overly  simplified  assumptions  are  made  concerning 
stand  boundary  shapes,  slopes,  timber  characteris- 
tics, and  harvesting  methods.  The  objectives  of  this 
study  were  to:  1)  develop  a  computer  program  capa- 
ble of  determining  realistic  harvesting  times  and 
costs  for  highly  individualistic  conditions,  and  2)  uti- 
lize these  harvesting  times  and  costs,  as  well  as  har- 
vesting constraints,  in  a  unique  Unear  programming 
formulation  to  obtain  maximum  profits.  This  FOR- 
TRAN computer  model  is  titled  L-O-S-T,  an  acronym 
for  /ogging  optimization  selection  technique. 


HARVESTING  FUNCTIONS  OPTIMIZED 

Although  the  methodology  used  to  compute  har- 
vesting times  and  the  linear  programming  formula- 
tion are  general,  the  equations  used  to  compute  har- 
vesting times  are  based  on  data  collected  in  the  Ten- 
nessee Valley  Region  (fig.  1).  Harvesting  times  and 
costs  are  only  calculated  for  road  construction,  land- 
ing construction,  system  move  between  landings, 
skidding,  and  trucking  (fig.  2).  Their  relationships  to 
selecting  harvesting  methods  and  the  linear  program- 
ming formulation  are  discussed  in  later  sections. 
Costs  are  not  calculated  for  felling,  bucking,  and  load- 
ing (figs.  3  and  4)  because  those  costs  are  not  assumed 
to  be  significantly  affected  by  the  locations  of  roads 
and  lemdings.  The  assumed  general  relationships 
among  various  harvesting  activities  and  harvesting 
costs  optimizations  are  shown  in  figure  5. 

Road  Construction 

Construction  of  truck  roads  within  the  harvest 
boundary  reduces  skidding  costs,  but  increases  road 
construction,  landing  construction,  system  move, 
and  trucking  costs.  In  L-O-S-T,  a  road  is  considered 
as  a  low  volume,  temporary  structure  constructed 
solely  for  removing  trees.  If  a  high  volume  road  is 


constructed  with  a  design  standard  or  life  expectancy 
greater  than  that  needed  for  timber  harvesting,  then 
the  cost  of  the  road  must  be  adjusted  to  reflect  only 
timber  harvesting.  The  equation  (Al,  appendix  1) 
used  to  compute  road  construction  times  was  devel- 
oped by  Koger  (1978)  from  data  collected  in  the  Ten- 
nessee Valley  Region. 

Due  to  irregular  terrain,  construction  conditions 
are  seldom  uniform  over  the  entire  road  network.  In 
order  to  determine  more  accurately  construction 
costs,  the  road  can  be  divided  into  short  segments. 
These  segments  reflect  differences  in  bank  cubic 
yards,  road  slope  (grade),  or  construction  problems 
caused  by  rock  or  dense  timber. 

Although  the  number  of  bank  cubic  yards  removed 
for  making  the  roadbed  is  a  variable,  it  does  not  have 
to  be  computed  by  the  user.  However,  the  user  must 
supply  roadbed  width,  side-hill  slope,  cut-slope  ratio, 
and  fill-slope  ratio.  This  information  is  used  in  an 
equation  reported  by  Bowman  et  al.  (1975)  to  CEilcu- 
late  bank  cubic  yards.  Another  variable,  the  number 
of  acres  in  the  road  right-of-way,  is  also  calculated  for 
the  user. 

The  construction  of  skid  trails  or  skid  roads  for  use 
by  rubber-tired  skidders  is  not  computed  in  L-O-S-T. 
Skid  road  costs  £ire  assumed  to  be  independent  of  the 
locations  of  truck  roads  and  landings. 

Landing  Construction  and  System  Move 

Landings  are  usually  constructed  in  conjunction 
with  the  road  system,  primarily  as  storage  and  load- 
ing areas  for  the  skidded  trees.  Increasing  landings 
decreases  skidding  costs,  but  increases  system  move, 
landing  construction,  and  trucking  costs.  The  equa- 
tion used  to  compute  landing  construction  times  is  a 
modification  of  the  road  construction  equation  (Al, 
appendix  1).  The  landing  size  in  acres  is  converted  to 
an  "equivalent"  road  length  based  on  an  assumed 
cleared  road  width  of  26.7  feet.  An  average  cleared 
road  width  of  26.7  feet  was  observed  in  a  study  of 
logging  roads  in  the  Tennessee  Valley  Region  (Koger 
1978).  A  road  construction  condition  factor  of  3,000  is 
used  (variable  X6).  In  addition,  the  depth  of  the  cut  to 
level  the  Iguiding  site  is  assumed  to  be  uniform  across 
the  landing  area. 

System  move  costs  £ire  those  involved  in  moving 
equipment  such  as  loaders,  crawler  tractors  used  for 
decking  or  landing  maintenance,  and  shop  trucks  to 
the  next  landing.  These  costs  are  related  to  the  dist- 
ance and  road  condition  between  landings,  the 
amount  and  type  of  equipment,  and  the  hourly  cost  of 
the  equipment  and  associated  labor.  Skidders  may  be 
included  if  they  travel  unloaded  to  the  next  landing 
site.  Haul  trucks  are  not  included.  If  only  one  landing 
is  used,  system  move  costs  are  assumed  to  be  zero. 
Move-in  costs  are  not  considered  because  they  are 


Figure  \.  —  The  Tennessee  Valley  Region  (Tennessee,  Kentucky,  Virginia,  North  Carolina,  Georgia,  Alabama,  &  Mississippi). 


assumed  to  be  approximately  constant  with  whatever 
the  locations  of  roads  and  landings. 

In  the  linear  programming  formulation,  landing 
construction  and  system  move  times  are  considered 
together.  Since  a  relationship  exists  between  these 
two  costs,  it  is  perhaps  easier  to  think  of  them  jointly 
rather  than  separately.  Equation  A5  (appendix  1)  is 
used  to  compute  a  weighted  time  for  landing  con- 
struction and  system  move  between  landings. 


Skidding 

Skidding  costs  depend  largely  on  skidding  dist- 
ance, which  can  be  controlled  through  the  locations  of 
roads  and  landings.  Skidding  costs  decrease  as  the 
density  of  roads  and  landings  increases.  The  equation 
(A3,  appendix  1)  used  to  compute  skidding  times  was 
developed  by  Koger  (1976)  for  articulated,  four-wheel 
drive,  rubber-tired  skidders  operating  in  the  Tennes- 
see Valley  Region.  The  range  of  observed  volumes 
skidded  in  this  region  is  shown  in  table  1  (appendix  1). 
Techniques  available  to  compute  average  skidding 
distance  are  described  in  appendix  2.  The  differences 


among  average  skidding  distance,  the  distance 
actually  traveled  by  the  skidder,  and  fixed  skidding 
distance  are  also  discussed. 

Trucking 

Trucking  over  roads  within  the  harvest  boundary 
reduces  skidding  costs  but  increases  trucking,  road 
construction,  landing  construction,  and  system  move 
costs.  The  trucking  speeds  and  load  volumes  shown 
in  tables  2-4  (appendix  1)  are  based  on  data  collected 
in  the  Tennessee  Valley  Region  by  Koger  (1981).  With 
respect  to  the  optimum  location  of  roads  and  land- 
ings, it  is  not  necessary  to  compute  trucking  costs 
from  the  mill  to  the  edge  of  the  harvest  boundary. 
This  distance  remains  constant  and  is  not  affected  by 
the  road  density  or  trucking  pattern  inside  the  har- 
vest boundary.  However,  trucking  costs  are  com- 
puted from  each  landing  to  the  mill  or  delivery  point 
because  calculating  these  costs:  1)  does  not  change 
the  optimum  location  of  roads  and  landings,  2)  may 
alert  the  user  to  consider  other  routes  from  the  mill  to 
the  harvest  boundary,  and  3)  provides  the  user  with 
an  estimate  of  total  trucking  costs. 


Figure  2.— Truck  road  construction,  system  move  between  landings,  skidding,  trucking,  and  landing  construction  times  are  computed  in  L-O-S-T. 


SELECTING  HARVESTING  METHODS 

Method  Selection 

The  user  must  determine  either  two,  three,  or  four 
different— but  reahstic— harvesting  methods.  These 
different  methods  can  be  viewed  as  harvesting  or 
transportation  plans.  As  a  rule  this  requires  drawing 
the  boundary,  stand  densities,  harvesting  restric- 
tions, road  and  landing  locations,  and  skidding  pat- 
terns on  a  topographic  map.  The  methods  should  be 
selected  so  that  road  density  (or  road  length)  is  at  a 
minimum  for  the  first  method  and  at  a  maximum  for 
the  last  method.  Intermediate  methods  should  be 
between  these  Umits.  Truck  roads  can  be  divided  into 
segments  to  reflect  differences  in  sidehill  slope,  road 
slope  (grade),  road  width,  or  other  construction  fac- 
tors. The  size,  construction  condition,  and  distance 
from  the  harvest  boundary  is  needed  for  each  landing. 
The  skidding  pattern  must  be  determined  for  each 


area  and  all  lemdings.  An  area  is  a  subdivision  of  a 
stand  and  its  boundary  is  used  in  determining  aver- 
age skidding  distance.  Areas  should  be  numbered 
consecutively  within  a  stand  and  numbered  so  that 
no  two  areas  have  the  same  area  number.  An  area  can 
be  subdivided  into  two  or  more  new  areas  to  reflect 
changes  in  skidding  patterns  among  landings  for  dif- 
ferent methods.  The  complexity  of  harvesting  prob- 
lems and  the  level  of  detail  or  realism  required  by  th< 
user  is  reflected  in  the  number  of  areas  selected. 

Types  of  Harvesting  Plans 

L-O-S-T  is  capable  of  analyzing  most  ground-based 
plans  including:  1)  single  road  extension,  2)  variable 
landing  spacings  along  a  fixed  road  length,  3)  parallel 
roads,  4)  multiple  contour  roads,  5)  spur  road  exten- 
sions from  major  roads,  and  6)  climbing  roads  with 
switchbacks.  The  only  requirement  for  emalyzing  any 
harvesting  plan  is  that  some  relationship  of  road 


Figure  3.— Felling,  bucking,  skid  road  construction,  and  bunching  times  are  not  computed  in  L-OS-T. 


length  and  skidding  exists  between  adjacent  harvest- 
ing methods.-  From  a  silviculture  perspective  these 
harvesting  plans  could  be  for  individual  tree  selec- 
tion, group  selection,  diameter  limit,  financial  matu- 
rity, or  clear  cuts.  Once  a  cutting  practice  has  been 
selected  for  an  area  in  one  method,  it  must  remain  the 
same  in  all  the  remaining  methods.  More  than  one  dif- 
ferent cutting  practice  may  be  used  within  a  stand  or 
harvest  boundary. 

OPTIMIZATION  METHODOLOGY 

Linear  Programming  Formulation 

After  the  hours  required  for  road  construction, 
landing  construction,  system  move  between  landings, 
skidding,  and  trucking  have  been  calculated  for  each 
method,  they  are  utilized  in  a  linear  programming 
formulation  (equations  1  -  6).  The  formulation  deter- 


mines the  proportion  (X)  of  each  method  that  should 
be  used.  The  formulation  used  in  L-O-S-T  is  a  shght 
modification  of  McCarl's  (1979)  and  is  also  very  simi- 
lar to  those  developed  by  Allen  (1956)  and  Chiang 
(1974). 


Maximize:     Z  =  PQo  -  i:C  H, 

Subject  to:  Qo  -  EQ^X,, 
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Qo,  Q  ,X  ,H  =0 
where:  Z    =  objective  function 

P    =  delivered  price  of  the  harvested  timber  (ie.  $/ 
1,000  board  feet) 


Figure  4.— Decking,  loading,  move-in,  and  unloading  times  are  not  computed  in  L-O-S-T. 
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Figure  5.— Assumed  harvest  cost  relationships  with  respect  to  the 
optimum  location  of  roads  and  landings  (Note:  fixed 
costs  lines  are  in  an  arbitrary  order). 
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Figure  6.— Relationships  among  isoquants,  activity  rays,  and  har- 
vesting functions. 
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=  volume  of  timber  harvested  (ie.  board  feet) 
=  hourly  equipment  and  labor  cost  for  the  i  th 

activity  (i  =  1  for  road  construction,  i  =  2  for 

landing  construction  and  system  move,  i  =  3 

for  skidding,  and  i  =  4  for  trucking 
=  the  total  number  of  hours  of  the  i  th  activity 

used  by  all  harvesting  methods 
=  the  proportion  of  the  m  th  method  used  to 

harvest  the  total  volume  of  timber  (a  decision 

variable) 
=  the  number  of  hours  for  the  i  th  harvesting 

activity  of  the  m  th  method 
=  maximum  number  of  hours  allowed  for  the  i  th 

harvesting  activity 


Formulation  Explanation 

The  relationships  among  the  formulation  (equa- 
tions 1-6),  harvesting  times,  and  harvesting  meth- 
ods are  shown  in  figure  6.  Assume  that  a  boundary  of 
timber  can  be  harvested  by  one  of  four  methods  (Ml, 
M2,  M3,  or  M4).  For  simplicity  in  graphing,  only  the 
harvesting  activities  of  skidding  (the  hours  required 
are  mapped  on  the  OS  axis)  and  road  construction 
(the  hours  required  are  mapped  on  the  OR  axis)  will 
be  considered.  The  volume  of  timber  harvested  is 
constant  and  represented  by  the  isoquant  BC.  Fewer 
hours  of  skidding  are  required  as  the  hours  of  road 
construction  increases.  The  harvesting  methods  cein 
be  considered  as  activity  rays  (OMl,  0M2,  0M3,  & 
0M4)  with  four  activity  vectors: 
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Figure  1  .—Error  relationships  involved  in  using  the  formulation. 
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Each  activity  vector  shows  a  distinct  input  ratio 
capable  of  yielding  a  constant  volume  of  harvested 
timber  (isoquant  BC).  Thus,  PI  indicates  that  method 
1  (Ml)  is  used  to  harvest  all  of  the  timber.  This  formu- 
lation assumes  that  it  is  also  possible  to  harvest  tim- 
ber in  various  convex  combinations  such  as: 
('/4Pl  +  y4P2). 

This  means  that  a  new  method  can  be  determined 
which  uses  '/4  of  the  skidding  hours  of  method  1,  plus 
%  of  the  skidding  hours  of  method  2,  plus  Va  of  the 
road  construction  hours  of  method  1,  plus  Va  of  the 
road  construction  hours  for  method  2.  Graphically, 
this  means  that  the  ratios  for  the  combined  processes 
must  He  on  the  dashed  hne  segments  (P1P2,  P2P3, 
P3P4).  Assume  that  the  optimum  combination  of 
skidding  and  road  construction  hours  is  at  point  Kl 
on  activity  ray  OK.  Due  to  the  convex  nature  of  the 
production  function  represented  by  the  isoquant  BC, 
point  Kl  is  not  on  BC.  The  difference  between  Kl  and 
K2  on  the  activity  ray  OK  represents  the  error 
involved  in  attempting  to  solve  a  nonlinear  convex 
production   function   with   a   linear   approximation. 


This  error  is  not  considered  to  be  significant;  its  rela- 
tionships to  the  formulation,  heirvesting  methods, 
£ind  harvesting  costs  are  shown  in  figure  7.  The  for- 
mulation will  pick  only  one  method  or  a  linear  convex 
combination  of  adjacent  methods  (Allen  1956;  Chiang 
1974). 

The  assumptions  of  linear  programming  (additiv- 
ity,  linearity,  divisibility,  finiteness,  and  single-value 
expectations)  are  basically  those  used  in  the  tradi- 
tional marginal  analysis  of  the  firm.  For  timber  har- 
vesting, a  specific  method  has  a  constant  and  hnear 
proportionality  between  hours  worked  and  volume 
harvested.  Fractional  hours  worked  can  result  in  a 
fractional  volume  harvested.  Finiteness  means  there 
are  limits  to  the  number  of  hours  permitted  to  har- 
vest a  boundary  of  timber.  The  single-value  expecta- 
tion assumption  assumes  realistically  that  the  qu£in- 
tity  of  timber  harvested  and  its  selling  price  is 
known.  Another  basic  assumption  is  that  the  volume 
of  timber  harvested  is  not  dependent  on  the  harvest- 
ing method.  This  results  in  a  fixed  output  indepen- 
dent of  the  number  of  hours  required  for  road  con- 
struction, landing  construction,  system  move,  skid- 
ding, and  trucking. 


HARVESTING  EXAMPLE  PROBLEM 


Problem  Description 

An  example  problem  has  been  developed  to  help 
illustrate  the  procedures  used  to  select  different  har- 
vesting methods,  data  input  requirements,  linear 
programming  formulation,  and  program  output.  Spe- 
cifically, the  problem  is  to  maximize  profit  by  deter- 
mining the  least  cost  harvesting  method  for  the 
boundary  of  timber  shown  in  figure  8.  The  timber  is 
to  be  harvested  by  a  crawler  tractor,  two  rubber-tired, 
cable  skidders,  and  two  trucks  (table  5,  appendix  3). 
Selected  equipment  weight  and  horsepower  charac- 
teristics are  given  in  appendix  4.  The  problem  is  suffi- 
ciently realistic  to  be  interesting  and  complex  enough 
to  prevent  the  formulation  of  a  general  mathematical 
expression  that  could  be  differentiated  to  obtain  mini- 
mum costs.  The  complexity  of  the  problem  is 
increased  by:  1)  an  irregular  boundary,  2)  nonuniform 
timber  densities  or  timber  stands  (fig.  9),  3)  elevation 
changes,  4)  restrictions  on  streambed  crossings,  5) 
unequal  costs  for  different  road  segments  and  land- 
ings, 6)  unequal  distances  between  landings,  7)  nonli- 
near skidding  costs,  8)  decreases  in  truck  travel 
speeds  as  the  length  of  the  road  constructed  inside 
the  harvest  boundary  increases,  and  9)  restrictions  on 
the  time  permitted  for  road  construction  (120  hours) 
and  skidding  (600  hours). 

Harvesting  Methods  for  the  Example  Problem 

For  the  first  method,  a  woods  road  was  con- 
structed 350  feet  inside  the  harvest  boundary  and  one 
landing  constructed  at  location  A  (fig.  10).  All  the 
areas  were  skidded  to  this  landing.  Compared  to  the 
other  methods,  this  method  minimizes  costs  for  road 
construction,    landing   construction,    trucking,    and 


system  move,  but  maximizes  skidding  costs.  For  the 
second  method,  a  woods  road  was  constructed  2,525 
feet  inside  the  harvest  boundary  and  landings  con- 
structed at  locations  A  and  B  (fig.  11).  Areas  1,  3,  and 
4  were  skidded  to  landing  A  and  the  remedning  areas 
skidded  to  landing  B.  It  is  important  to  recognize 
that  areas  c£m  be  subdivided  to  reflect  changes  in 
skidding  patterns  for  different  methods.  For  exam- 
ple, area  2  used  in  method  1  was  subdivided  into 
areas  3  and  6  for  method  2.  Area  3  was  skidded  to 
landing  A,  but  area  6  was  skidded  to  landing  B.  For 
the  third  method,  a  woods  road  was  constructed 
3,875  feet  inside  the  heirvest  boundary  and  landings 
constructed  at  locations  A,  B,  and  C  (fig.  12).  Areas  1, 
3,  and  4  were  skidded  to  lemding  A  and  areas  5,  6,  7,  8, 
and  9  skidded  to  landing  B.  The  remaining  areas  were 
skidded  to  landing  C.  For  the  fourth  method,  a  woods 
road  was  constructed  6,775  feet  inside  the  harvest 
boundary  and  landings  constructed  at  locations  A,  B, 
C,  and  D  (fig.  13).  Areas  1,  3,  and  4  were  skidded  to 
landing  A;  areas  5,  6,  7,  8,  and  9  to  landing  B;  areas 
10,  11,  15,  and  19  to  landing  C;  and  areas  16,  17,  20, 
21,  22,  and  23  to  landing  D.  Area  18  in  methods  1  -  3 
was  subdivided  into  areas  19  and  20  to  reflect 
changes  in  skidding  patterns  for  method  4.  Compared 
to  other  methods,  this  method  minimizes  skidding 
costs,  but  maximizes  road  construction,  landing  con- 
struction, system  move,  and  trucking  costs.  A  sum- 
mary of  several  calculated  and  assumed  values  for 
each  of  these  methods  is  given  in  appendix  3  (tables 
6-11). 

Data  Input 

For  each  method  selected,  specific  input  informa- 
tion is  required  on  road  construction,  landing  con- 
struction, system  move  between  landings,  skidding, 
trucking,  and  equipment  costs.  Sixteen  data  "card 


Acres:  283 
Map  Scale:  1"s660' 


—  Boundary  Line 
O  Boundary  Corners  (1  —  9) 
D  Landing  Location  (proposed:  A— D) 
A  Woods  Road  Location  (proposed) 
•  Elevation 


I  Woods  Road  Segment  (a-j) 

▲  Permitted  Streambed  Crossing ( 1-4) 


Figure  S.— Harvesting  example  problem. 


tjT)es"  are  required  for  each  analysis  of  a  boundary  of 
timber  to  be  harvested.  An  additional  card  type  is 
required  if  constraints  are  placed  on  the  number  of 
hours  allowed  for  any  of  the  pertinent  harvesting 
activities.  These  different  card  types  are  described  in 
detail  in  appendix  5.  The  complete  input  data  used  to 
analyze  the  hypothetical  example  is  shown  in  appen- 
dix 6.  The  values  shown  for  average  skidding  distance 
were  based  on  the  harvest  patterns  for  the  different 
areas  and  landing  locations  in  figures  10-13.  Aver- 
age skidding  distances  were  determined  using  a 
BASIC  program  written  for  use  on  an  HP  9830A' 
calculator  and  HP  9864A  digitizer. 

Output  Analysis 

The  computer  output  for  the  harvesting  example 
problem  is  shown  in  appendix  7.  The  output  consists 
of:  1)  an  echo  check  of  the  input  data,  2)  harvesting 
times  and  costs,  and  3)  the  linear  programming  solu- 
tion £ind  sensivity  analysis. 

Road  construction  times  and  costs,  the  number  of 
bank  cubic  yards,  and  acres  cleared  for  the  road-right- 
of-way  are  given  for  each  segment.  Road  construction 
costs  are:  $170  for  method  1  ($2,565  per  mile);  $1,061 
for  method  2  ($2,219  per  mile);  $1,625  for  method  3 
($2,214  per  mile);  and  $2,910  for  method  4  ($2,268  per 
mile).  The  easiest  way  to  modify  road  construction 
costs  without  changing  the  road  design  or  road  con- 
struction equipment  characteristics  is  through  the 
input  variable  ROADTY  (card  type  10,  appendix  5). 
Although  guidelines  are  provided  for  estimating 
ROADTY,  a  value  should  be  selected  that  gives 


'The  use  of  trade  or  corporate  names  is  for  reader  association  and 
convenience.  Such  does  not  constitute  an  official  evaluation,  con- 
clusion, recommendation,  endorsement,  or  approval  of  any  product 
or  service  to  the  exclusion  of  others  which  may  be  suitable. 


reasonable  cost  estimates  based  on  the  user's  experi- 
ence or  modeUng  needs. 

Landing  construction  and  system  move  times  and 
costs  are  computed  for  each  landing.  Landing  con- 
struction costs  are:  $56.27  for  method  1;  $89.64  for 
method  2;  $118.73  for  method  3;  and  $150.83  for 
method  4.  The  simplest  way  to  influence  landing  con- 
struction costs  without  changing  the  landing  design 
or  landing  construction  equipment  characteristics  is 
through  the  input  variable  EFFL  (card  type  12, 
appendix  5).  System  move  costs  are:  $0.0  for  method 
1;  $101.26  for  method  2;  $192.39  for  method  3;  and 
$303.78  for  method  4. 

Skidding  times  and  costs  are  computed  for  each 
skidder  on  each  area  and  summeirized  by  area,  land- 
ing, and  method.  The  number  of  cycles  and  average 
cycle  time  are  also  given.  The  skidding  costs  are: 
$28,769.13  for  method  1;  $18,076.16  for  method  2; 
$15,471.31  for  method  3;  and  $10,950.56  for  method 
4.  The  easiest  way  to  modify  skidding  times  without 
changing  skidder  characteristics,  skid  load  volumes, 
or  skidding  distances  is  through  the  input  variable, 
AD  (card  type  13,  appendix  5). 

In  addition  to  skidding  times  and  costs,  average 
skidding  distance,  fixed  skidding  distance,  and 
weighted  actued  travel  skidding  distances  are  summa- 
rized by  landing  and  method.  In  most  cases  the  great- 
est potential  for  reducing  skidding  times  is  through  a 
reduction  of  average  fixed  skidding  distance.  In  the 
harvesting  example  problem,  average  skidding  dist- 
ance only  decreased  from  686  feet  for  method  1  to  550 
feet  for  method  4.  However,  average  fixed  skidding 
distance  decreased  form  4,296  feet  for  method  1  to 
759  feet  for  method  4.  This  drastic  reduction  in  aver- 
age fixed  skidding  distance  was  largely  responsible 
for  skidding  times  decreasing  from  659.75  hours  for 
method  1  to  264.83  hours  for  method  4.  Weighted 
average  travel  skidding  distance  is  computed  by  mul- 
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Total  Harvest  Volume;  567,500  Board  Feet  (74"  Int.) 


(3) 


Figure  9.~Stand  densities  and  acres  for  the  harvesting  problem. 
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Figure  10.— Road,  landing,  and  area  locations  used  in  method  1. 


tiplying  average  skidding  distance  by  the  skidding 
correction  factor  for  each  area.  This  product  is  added 
to  to  the  fixed  skidding  distance  on  each  area  and 
then  multiplied  by  the  volume  for  that  £irea  in  order 
to  obtain  a  weighted  value. 

The  number  of  acres  and  volume  of  timber  har- 
vested for  each  method  are  provided  as  information 
and  as  checks  on  the  accuracy  of  data  input.  The 
number  of  acres  for  each  method  must  be  the  same 
and  the  volume  harvested  for  each  method  must  be 
the  same.  In  this  example,  283  acres  and  567,500 
boEird  feet  (V'^"  Int.)  were  harvested  for  each  method. 
The  linear  programming  formulation  requires  that  am 
equal  volume  of  timber  be  harvested  in  each  method. 

Trucking  times  and  costs  are  shown  for  each  truck 
Emd  are  summarized  by  landing  and  method.  In  addi- 
tion, cycle  times  and  number  of  loads  required  for 
each  truck  are  given.  Trucking  costs  for  each  method 
are:  $17,182.48  for  method  1;  $17,913.40  for  method 
2;  $18,277.16  for  method  3;  and  $18,774.91  for 
method  4.  In  this  case  the  construction  of  four  land- 
ings and  6,775  feet  of  woods  roads  only  increased 
trucking  costs  by  $1,592.43. 

A  method  summary  giving  the  hours,  costs  per 
harvesting  unit  for  each  function,  total  costs,  and 
total  costs  per  harvesting  unit  is  provided  in  the  out- 
put. The  total  harvesting  costs  per  thousand  boetrd 
feet  ( '/4  "  Int.)  for  road  construction,  landing  construc- 
tion and  system  move,  skidding,  and  trucking  are: 
$81.37  for  method  1;  $65.62  for  method  2;  $62.79  for 
method  3;  and  $58.31  for  method  4.  The  hours 
required  for  each  harvest  function  considered  in  L-0- 
S-T  are  shown  in  table  I  and  are  used  to  illustrate  a 
numerical  example  of  the  linear  programming  formu- 


lation (equations  7  -  16).  The  formulation  can  also  be 
seen  in  the  output  (appendix  7)  as  the  first  iteration  of 
the  Hnear  programming  tableaus. 

Table  I. — Harvest  hours  for  the  four  methods 

Harvest 
Function 


Method  1    Method  2    Methods    Method 4 
(hours)         (hours)         (hours)         (hours) 


Road  construction  7.86  49.07  75.12  134.55 
Leinding  construction 

&  system  move  0.78  2.64  4.31  6.29 

Skidding  695.75  437.15  374.16  264.83 

Trucking  429.56  447.83  455.68  469.37 

After  18  iterations  the  optimum  linear  program- 
ming solution  consisted  of  24%  of  method  3  and  76% 
of  method  4.  The  optimum  method  (not  a  global  opti- 
mum) used  120  hours  of  road  construction,  5.8  hours 
of  landing  construction  and  system  move,  292  hours 
of  skidding,  and  466  hours  of  trucking.  The  linear 
programming  solution  does  not  give  the  exact  physi- 
cal location  of  the  roads,  lemdings,  and  skidding  pat- 
terns. However,  the  output  can  be  used  to  help  locate 
the  road,  landings,  and  skidding  patterns  for  a  new 
method  consisting  of  24%  of  method  3  and  76%  of 
method  4.  Since  102.2  hours  were  required  to  con- 
struct the  road  to  the  end  of  segment  h-i,  then  17.8 
hours  (120.0-102.2)  or  909  feet  of  segment  i-j  can  be 
constructed.  The  road  should  be  constructed  2,159 
feet  beyond  landing  C.  Landing  D  would  be  located 
6,034  feet  from  the  harvest  boundary;  whereas  it  was 
originally  located  6,775  feet.  The  skidding  patterns 
would  stay  the  same  for  landings  A  and  B,  and  proba- 
bly C.  However,  the  skidding  patterns  would  change 
for  landing  D.  If  another  computer  analysis  were 
made  in  order  to  obtain  a  better  estimate,  then  meth- 
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Landing  Coratnicttani 
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Figure  11.— Road,  landing,  and  area  locations  used  in  method  2. 


Linear  prograimming  equations  for  the  harvesting  example  problem: 

-$21.63  H,  -$72.26  H2 


Metximize  Z 
$95.00  Qo 


1.00  Qo  -  567.50  X,  -  567.50  X,  -  567.50  X,  -567.50X4 

7.86  X,        49.07  X,        75.12  X,      134.55X4 

0.78  X,  2.64  X,  4.31  X,  6.29X4 

695.75  X,      437.15X2     374.16  X,      264.83X4 

429.56  X,      447.83X2      455.68  X,      469.37X4 

1.00  Qo       0.00  X,       0.00X2       0.00  X,       0.00X4 


1.00  H, 


-I.OOH2 


1.00  H3 


1.00  X, 


1.00X2 


1.00X3 


1.00X4 


1.00  H, 


1.00  H3 


UO.OO  H4 

(7) 

=      0.00 

(8) 

=      0.00 

(9) 

=      0.00 

(10) 

=      0.00 

(11) 

- 1.00  H4 

=      0.00 

(12) 

=  567.50 

(13) 

(volume) 

=      1.00 

(14) 

(methods 

) 

=  120.00 

(15) 

(road 

construction) 

=  600.00 

(16) 

(skidding) 

where:  Qo,  X^,,  H;  =  0 
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ods  1  and  2  should  be  eliminated.  Two  new  methods 
should  be  selected  between  the  original  methods  3 
and  4.  The  original  method  3  would  become  the  new 
method  1.  By  keeping  two  of  the  original  methods, 
the  amount  of  new  input  data  needed  is  reduced  and 
the  search  area  can  be  systematically  analyzed. 

Harvesting  costs  for  the  optimum  method  were 
$59.41  per  thousand  board  feet  (14"  Int.).  If  the  con- 
straint on  road  construction  (120  hours)  were  not 
binding,  then  all  of  method  4  could  have  been  used 
and  harvesting  costs  would  have  been  $58.31  per 
thousand  board  feet.  Binding  constraints  always 
cause  an  increase  in  costs.  However,  the  optimum 
method  selected  by  the  linear  program  (24%  of 
method  3  and  76%  of  method  4)  is  still  better  than  the 
method  1  ($81.37),  method  2  ($65.62),  or  method  3 
($62.79). 

The  sensivity  analysis  in  L-O-S-T  consists  of  pen- 
£ilty  costs,  shadow  prices,  and  ranges  on  all  the  cost 
coefficients  and  constraints.  The  formulation  used  in 
L-O-S-T  and  the  original  input  format  of  the  linear 
program  algorithm  make  it  difficult  to  correlate  the 
variable  codes  in  the  sensivity  analysis  with  the  cor- 
rect harvesting  costs  and  constraints.  However, 
users  familiar  with  sensivity  analysis  should  be  able 
to  interpret  these  results  in  L-O-S-T.  In  this  formula- 
tion shadow  prices  are  edways  zero  because  edl  the 
timber  can  be  harvested  by  the  number  of  hours  com- 
puted for  each  method.  The  hourly  costs  of  the  har- 
vesting functions  are  always  non-basic.  In  this  exam- 
ple, the  hourly  cost  of  road  construction  can  increase 
from  $21.63  to  $64.43  without  changing  the  optimum 
solution.  This  implies  that  the  same  road  could  have 
been  constructed  to  a  higher  standard  or  that  more 
roads  should  be  constructed.  The  method  summary 
costs  also  indicated  that  more  roads  and  landings 
should  be  constructed. 


LIMITATIONS 

The  hnear  programming  solution  calculated  in  L-O- 
S-T  is  not  a  global  optimum  or  the  absolute  best  of  all 
possible  harvesting  methods.  The  program  deter- 
mines the  "best"  method  based  on  the  methods  sup- 
plied by  the  user.  Equipment  interactions  resulting  in 
production  delays  are  not  calculated  by  the  program. 
The  effects  of  equipment  interactions  must  be  sup- 
plied indirectly  by  the  user  through  equipment  effi- 
ciency and  area  difficulty  factors.  Heirvesting  costs 
are  calculated  only  for  road  construction,  landing 
construction,  system  move  between  Igindings,  skid- 
ding, and  trucking.  While  this  does  not  limit  the 
optimization  process,  an  estimate  of  total  harvesting 
costs  is  not  provided. 


EXECUTING  LOST 

L-O-S-T  is  written  in  FORTRAN  IV  and  is  being 
run  under  WATFIV  on  an  IBM  3031  at  Auburn  Uni- 
versity. With  a  modest  amount  of  additional  effort, 
the  program  could  be  converted  for  use  on  simileir 
computer  systems.  The  example  problem  described  in 
this  report  required  264K  of  storage,  used  3.38  sec- 
onds of  CPU  time,  and  cost  about  one  dollar  to  run. 
The  FORTRAN  source  statements  used  in  L-O-S-T 
are  shown  in  appendix  8.  A  punched  and  interpreted 
source  deck  (1,914  cards)  can  be  obtained  from:  Engi- 
neering Research  Unit,  G.  W.  Andrews  Forestry  Sci- 
ences Laboratory,  U.  S.  Forest  Service,  Devall  Street, 
Auburn  University,  Alabama  36849.  Phone  (205)  887- 
7542,  (FTS)  534-4518. 


Skidding  Pattern: 
Areas  1, 3a 4  to  Landing  [a] 
Areas  5,6,  7  8&9  to  Landing  [f] 
Areas  10-14,18  &  21-23  to  Landing  [i 


Road  Construction 
Segments  a  -  h 


Landing  Construction 
Landings  at  A.BAC 


Figure  12.— Road,  landing,  and  area  locations  used  in  methods. 
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RESULTS  AND  DISCUSSION 


LITERATURE  CITED 


A  two-part  methodology  has  been  developed  to 
analyze  user  selected  harvesting  methods.  The  first 
part  of  this  methodology  considers  very  specific  and 
realistic  harvesting  conditions:  terrain  features, 
boundary  shapes,  roads,  landings,  skidding  patterns, 
and  environmental  restrictions.  Harvesting  times 
and  costs  are  computed  for  road  construction,  land- 
ing construction,  system  move  between  landings, 
skidding,  and  trucking.  The  second  part  of  the  metho- 
dology uses  these  harvesting  times  in  a  hnear  pro- 
gramming formulation.  The  formulation  utilizes  the 
relationships  among  the  harvesting  methods  to  esti- 
mate and  select  the  harvesting  procedure  having 
maximum  profits. 

Since  the  analysis  performed  by  L-O-S-T  depends 
on  the  harvesting  methods  selected  by  the  users,  it  is 
important  that  users  have  some  knowledge  and 
experience  in  developing  harvesting  plans.  Time  and 
effort  spent  in  selecting  realistic  harvesting  plans  will 
enable  the  output  from  L-O-S-T  to  be  used  with 
greater  confidence  by  managers  of  harvesting  opera- 
tions. 

L-O-S-T  does  not  provide  a  global  optimum  with 
each  computer  analysis.  Theoretically,  the  procedures 
used  would,  through  repeated  computer  runs,  find  the 
ultimate  harvesting  method  having  maximum  prof- 
its. L-O-S-T  does  provide  a  local  optimum  and  a 
wealth  of  information  for  selecting  a  better  harvest- 
ing method.  Searching  for  the  elusive  global  optimum 
has  some  academic  merit;  however,  selecting  feasible 
harvesting  plans  and  then  systematically  quantify- 
ing, analyzing,  and  improving  them  has  greater  prac- 
tical applications. 
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Appendix  1— Harvesting  Equations,  Data,  and  Cost  Relationships 


HARVESTING  EQUATIONS  AND  DATA 
road  construction  equation;  (Koger,  equation  3,  pg  30,  1978) 


T  = 


0.5 


0.5 


X2/(X3X4) 


12.668 


X5/(X3X4) 


(AD 


X7 

where:  T  =  predicted  road  constructed  time  in  hours 
XI  =  road  length  in  feet 

X2  =  number  of  bank  cubic  yards  per  1,000  feet  of  road  length 
X3  =  slope  correction  factor  estimated  by: 

2 
1.000  -  i%  road  slope/100)  -  0.0001952  (%  road  slope/100) 

note:  %   road  slope  (+,  -)  is  in  direction  of  road  construction 

X4  =  net  horsepower  of  crawler  tractor  (Table  12,  Appendix  4) 

X5  =  number  of  acres  of  cleared  road  width  per  1,000  feet  of  road  length 

X6  =  road  construction  difficulty  factor  with  suggested  values  of: 

10    for  high  volume  truck  road  or  low  volume  road  constructed 

adverse  conditions 
500    for  low  volume  truck  road  constructed  under  average 

conditions 
1,000  for  low  volume  skid  road  constructed  under  average 

conditions 
2,000  for  upgrading  existing  low  volume  skid  road  under  average 

conditions 
3,000  for  low  volume  landing  constructed  under  average  conditions 

note:  intermediate  values  (ie.  520,  750)  can  be  used 

X7  =  (equipment  availability) (equipment  utilization),  with  suggested 
values  of: 

0.50   for  low  availability  and  utilization 
0.85   for  average  availability  and  utilization 
0.95   for  high  availability  and  utilization 

note:  only  the  variables  XI,  XU,  X6,  and  X7  are  required  as  user  supplied 
inputs.  The  variables  X2,  X3,  and  X5  are  calculated  by  the  program. 
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rubber-tired  skidder  equation  (Koger,  equation  2,  pg  31,  1976) 


T  =  (travel  empty  +  travel  loaded  +  fixed  cycle  tirae)/efficency 


(A2) 


T  = 


a     b     c  d     e  f    g 

0.0584037  ABC     (UP)     E     (1-»gin(F))     G 

h     i 
H     I 


j     k     1        ra      n  op 

0.00005166  JAB  (I4D)     E     [l-hSin(-F)]     G 
q     r     s 
H     C     I 


K 


(A3) 


where:  T  =  cycle  time  in  minutes 

A  =  one-way  skidding  distance  in  feet 

B  =  radius  of  curvature  in  feet  (used  average  study  value  of  483.99) 
C  =  net  skidder  horsepower  (Table  13,  Appendix  4) 
D  =  rut  depth  in  inches  (used  average  study  value  of  6.26) 
E  =  harvest  elevation  in  feet  (used  average  study  value  of  1,547.13) 
F  =  trail  slope  in  degrees (measured  in  travel  loaded  direction) 
G  =  empty  skidder  weight  in  pounds  (use  constant  of  20,400) 
H  =  cone  index  of  soil  (used  average  study  value  of  192.23 
I  =  arc  length  in  feet  (used  average  study  value  of  131.59) 
J  =  board  feet  per  cycle  (I/4  "  Int.) 

K  =  fixed  time  per  cycle  in  minutes  for  hooking,  decking,  etc. 
L  =  (equipment  availability) (equipment  utilization),  or 
equipment  efficiency 

exponents  a  through  s: 

a=1. 022449;  b=3. 549048;  c=1. 317563;  d=0. 223969;  e=0. 180727 

f=2. 156775;  g=0. 177384;  h=0. 183381;  i=6. 943695;  j=0. 110305 

k=1. 098034;  1=3.472234;  m=0. 116935;  n=0. 098604;  o=0.68l159 

p=3. 234567;  q=0. 067053;  r=3. 157504;  s=7. 456998 

note:  Variables  B,  D,  E,  G,  H,  and  I  remain  constant  in  the  program  and  do 
not  have  to  be  supplied  as  inputs  by  the  user. 
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trucking  equation 

The  following  equation  is  used  to  calculate  truck  cycle  time  from  landings 
to  the  delivery  point  (mill). 

Y. .  =  _p_  +   0   +      X.       +      X.       +K.  (A4) 

^J       ^j     (E  (l-fC  ))/2     (L.(1-K:  ))/2 

where:  Y.  .  =  round  trip  truck  time  in  hours  from  the  i  th  landing 
^"^   for  the  j  th  truck 

0  =  one-way  distance  in  miles  over  roads  outside  the 

harvest  boundary 

S.  =  average  empty  travel  speed  in  miles  per  hour  for  the  j  th  truck 

"^   over  sections  outside  the  harvest  boundary  (woods  to  mill) 

F  .  =  average  loaded  travel  speed  in  miles  per  hour  for  the  j  th  truck 

•^   over  sections  outside  the  harvest  boundary  (woods  to  mill) 

X.  =  distance  in  miles  from  beginning  of  harvest  boundary  to 

^   the  i  th  landing 

E.  =  empty  travel  speed  in  miles  per  hour  over  the  woods  road  for 

"^   the  j  th  truck 

C.  =  ratio  of  ending  travel  speed  to  beginning  travel  speed 

as  measured  from  beginning  of  harvest  boundary  to  the  i  th  landing 

L.  =  loaded  travel  speed  in  miles  per  hour  over  the  woods  road  for 

^      the  j  th  truck 

K.  =  fixed  time  per  cycle  in  hours  for  the  j  th  truck 

si 

trucking  data 
Table  2. —  Average  truck  speed  versus  road  type* 


Average 

Average 

Empty 

Loaded 

Speed 

Speed 

Type  of  Road 

(mph) 

(mph) 

Woods 

8.34 

5.35 

Gravel 

16.23 

13.89 

Two-lane  blacktop 

38.76 

33.78 

Interstate 

55.00 

45.82 

City 

23.97 

21.44 

»  (Koger,  Table  1,  pg  5,  19«1) 
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Table  3. — Load  characteristic  for  trucks  hauling  logs 
(or  tree-length  stems)* 


Truck  Description 


Average 

Average 

Average 

Average 

Number 

Length 

Volume 

Volume 

of  logs 

(feet) 

(Doyle) 

(1/4"  Int.) 

18 

13.6 

1,313 

1,752 

30 

12.9 

1,937 

2,584 

25 

13.0 

2,018 

2,693 

35 

15.2 

2,643 

3,526 

46 

11.7 

3,276 

4,370 

43 

14.5 

3,868 

5,160 

35 

36.9 

4,222 

5,632 

Single-Axle  (1.5- ton) 
Tandem-Axle  (1  drag) 
Tandem-Axle  (2-ton) 
Tri-Axle  (1  drag) 
Four-Axle  (2-drag) 
Tractor-Trailer  (logs) 
Tractor-Trailer  (stems) 

*  (Koger,  Table  2,  pg  6,  1981) 


Table  4.— Load  characteristics  for  trucks  hauling  pulpwood 
(bolts,  21 -foot  stems,  or  tree-length  stems)* 


Truck  Description 


Type  of  Load 


Average 

Volume 

(cords) 


Single-Axle  (0.75-ton) 
Single-Axle  ( 1 -ton ) 
Single-Axle  (1.5  ton) 
Tandem- Axle  (1  drag) 
Trac tor-Trai ler 
Tandem-Axle  (2-ton) 
Tri-Axle  (1  drag) 
Trac tor-Trai ler 


Pulpwood  bolts  (5'  3") 
Pulpwood  bolts 
Pulpwood  bolts 
Pulpwood  bolts 
Tree-length 
21 -foot  stems 
21 -foot  stems 
Pulpwood  bolts 


(Koger,  Table  3,  pg  6,  1981) 


1.5 
2.1 
4.6 
5.3 
8.7 
9.0 
9.3 
9.8 


HARVESTING  COST  RELATIONSHIPS 

Landing  Construction  and  System  Move 

In  the  linear  programming  formulation,  landing  construction  and  system  move 

times  and  costs  are  considered  together.  The  following  equation  is  used  to  com- 
pute a  weighted  time  for  landing  construction  and  system  moving. 

WH  =  (SL  +  SM)/(HL  +  HM)  (A5) 
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Where:  WH  =  weighted  number  of  hours  for  landing  construction  and 
system  move 
SL  =  sum  of  landing  construction  costs  for  this  method 
SM  =  sum  of  system  move  costs  for  this  method 
HL  =  hourly  landing  construction  costs 
HM  =  hourly  system  move  costs 

Multiple  Equipment 

In  many  cases  multiple  crawler  tractors,  skidders,  or  trucks  may  be  used. 
For  example,  two  rubber-tired  cable  skidders  may  be  used  on  the  same  boundary  to 
skid  trees  to  the  landings.  Equation  a6  is  used  to  compute  total  time  under 
these  conditions.  This  equation  is  used  for  multiple  equipment  involved  in  road 
construction,  skidding,  or  trucking,  but  not  for  landing  construction.  Only  one 
crawler  tractor  is  allowed  to  construct  landings,  although  two  or  more  are 
involved  in  road  construction. 

T  =  1  (A6) 


"1     H^  H 

1     tf  n 

where:  T  =  hours  required  if  all  equipment  (ie.  skidders)  worked  together 
H-  =  hours  required  if  this  harvesting  activity  were  done  entirely  by 

the  first  machine 
Hp  =  hours  required  if  this  harvesting  activity  were  done  entirely  by 

the  second  nachine 
H  =  hours  required  if  this  harvesting  activity  were  done  entirely  by 

the  last  machine 


Equipment  Interactions  and  Efficiency 

Equipment  interactions  resulting  in  production  delays  are  not  directly  con- 
sidered. However,  an  equipment  efficiency  factor  v«*iich  considers  utilization  is 
available  and  can  be  used  to  model  indirectly  the  effects  of  delays  caused  by 
equipment  interactions.  Equipment  efficiency  can  be  estimated  or  calculated  by 
the  following  equation. 

E  =  AU  (A7) 

where:  E  =  equipment  efficiency  (decimal  value  greater  than  0) 

A  =  equipment  availability  (decimal) 

U  =  equipment  utilization  (decimal) 
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Labor  and  Equipment  Costs 

Harvesting  costs  computed  in  L-O-S-T  are  based  on  only  the  harvesting  func- 
tions considered  in  the  optimization  analysis  (road  construction,  landing 
construction,  system  move  between  landings,  skidding,  and  trucking). 
Hourly  labor  cost  includes  the  base  wage  rate  plus  social  security  and 
workmen's  compensation.  Hourly  equipment  costs  include  fixed  and  operating 
costs  based  on  a  scheduled  hour.  Miyata  (I98O)  discusses  fixed  and  operating 
costs  for  timber  harvesting  equipment  and  provides  several  examples  of  the  dif- 
ferent methods  available.  The  following  equation  reported  by  Nichols  (1962) 
is  a  simple  rule-of -thumb  method  that  can  be  used  to  determine  the  approximate 
scheduled  hourly  cost  of  timber  harvesting  equipment  used  in  L-O-S-T. 

C  =  0.0003(P)  (A8) 

where:  C  =  hourly  equipment  costs  (excluding  labor) 

P  =  purchase  price  of  equipment  or  purchase  price  of  an  equivalent 
piece  of  new  equipment 
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Appendix  2— Determining  and  Using  Skidding  Distances 


Determining  Skidding  Distance 

In  L-O-S-T,  a  distinction  is  nnde  between  average  skidding  distance  (ASD) , 
average  travel  distance  (ATD) ,  and  fixed  skidding  distance  (Figure  I).  Ihe 
equations  developed  by  Suddarth  (1952)  for  average  skidding  distance  on  simple 
geometric  shapes  are  shown  in  Figure  II.  Greulich  (1980)  extended  this  and 
included  the  influence  of  slope  on  the  equations  he  developed  for  average 
skidding  distance  on  areas  with  simple  geometric  shapes.  For  irregular  shaped 
areas,  average  skidding  distance  can  be  accurately  computed  using  a  desk-top 
progranmable  calculator  and  digitizer  (Peters  and  Burke  1972). 

In  most  cases  there  is  very  little  difference  between  the  values  obtained 
for  average  skidding  distance  using  the  mathematical  equations  derived  by 
Suddarth  (1952)  and  those  obtained  by  determining  the  straight  line  distance 
from  the  landing  to  the  centroid  of  the  area.  For  example,  if  the  landing  is 
located  at  the  corner  of  a  mile  square  area,  then  the  average  skidding  distance 
computed  by  Suddarth 's  equation  is  4,040.23  feet.  The  straight  line  distance 
from  the  landing  to  the  centroid  (2640,2640)  of  the  area  is  3,733.52  feet.  A 
sinple  graphical  method  for  estimating  average  skidding  distance  on  irregular 
shaped  areas  is  shown  in  Figure  III. 

While  average  skidding  distance  has  an  exact  mathematical  definition 
(Suddarth  1952),  its  use,  nevertheless,  represents  a  simplification  of  the 
skidding  process.  If  average  skidding  distance  is  used,  then  all  the  trees  on 
the  area  are  essentially  assumed  to  be  located  an  equal  distance  (average 
skidding  distance)  from  the  landing.  However,  trees  are  scattered  over  the  area 
and  skidding  usually  starts  near  the  landing  and  proceeds  to  the  farthest  boun- 
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dary  of  the  harvest  area.  A  more  accurate  estimate  of  skidding  cycle  time  can 
be  obtained  by  integrating  the  skidding  equation  (A3)  over  the  range  of 
skidding  distances.  Similarly,  using  an  average  skidding  cycle  volume  rather 
than  the  range  of  cycle  volumes  causes  equation  A3  to  underestimate 
skidding  times.  In  L-O-S-T,  users  have  the  options  of  using  average  values  for 
skidding  distance  and  volume  or  their  ranges.  For  simplicity  reasons,  the 
sinplifed  version  (A10)  of  the  skidding  equation  will  be  used  to  illustrate  the 
integration  procedures  (All)  available  in  L-O-S-T,  given  below,  / 

Y  =  travel  empty  time  +  travel  loaded  time  +  fixed  time  (A9) 

1.022  1.098   0.11 

y  =  0.0027(X)     +  0.00088(X)     (V)      +  K 

(A10) 

where:  Y  =  cycle  time  in  minutes  for  articulated,  four-wheel  drive, 
rubber-tired  skidders  in  the  70  to  130  horsepower  range 

X  =  one-way  skidding  distance  in  feet 

V  =  cycle  volume  in  board  feet  CA  Int.);  must  be  reasonable  for 
skidder  size  and  skid  trail  conditions  (Table  1,  Appendix  1) 

K  =  assumed  fixed  time  (minutes)  per  cycle  for  hooking,  decking,  etc. 

b   1.022  r  b  /-d     1.098   0.11 

Y  =  0.0027  /   (X)     dx  +    0.00088   /    /    (X)     (V)    dxdv 


b-a 


y'b       1.022  r  b    /•( 

(X)  dx     +        0.00088      /        / 

a  (b-a)(d-c)  J  a   Jc 


+  K  (All) 

where:  Y  =  skidding  cycle  time  in  minutes 

a  =  lower  limit  on  skidding  distance  in  feet 

b  =  upper  limit  on  skidding  distance  in  feet 

c  =  lower  limit  on  skidding  volume  in  board  feet  (V4"  Int.) 

d  =  upper  limit  on  skidding  volume  in  board  feet  ("^/i^"   Int.) 

X  =  skidding  distance,  feet 

V  =  skidding  volume,  board  feet  0A\"   Int.) 
dx  =  derivative  of  Y  with  respect  to  X 
dv  =  derivative  of  Y  with  respect  to  V 

K  =  fixed  time  per  cycle  in  minutes  for  hooking,  decking,  etc. 


Actual  Travel  Distance 

Due  to  terrain  features  (steep  slopes,  streams,  rocks,  soft  ground)  and  to 
stand  characteristics  (large  stumps,  dead  snags),  the  distance  actually  traveled 
by  the  skidder  from  the  landing  to  the  woods  is  rarely  ever  equal  to  the 
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straight-line  value  computed  for  average  skidding  distance.  Koger  (1976)  found 
that  a  correction  factor  of  1.86  was  needed  to  adjust  average  skidding  distance 
to  the  actual  travel  distance.  The  user  can  supply  this  correction  factor 
(1.86)  or  one  pertinent  to  area  conditions  through  the  input  variable,  AC 
(card  type  13,  Appendix  5).  In  most  cases,  if  some  correction  factor  is  not 
used,  skidding  costs  will  be  significantly  underestimated. 

Fixed  Skidding  Distance 

In  most  cases  an  area  (Figures  10-13)  will  not  be  adjacent  to  a  landing. 
The  distance  traveled  by  the  skidder  from  the  landing  to  reach  the  area  boun- 
dary is  referred  to  as  the  fixed  skidding  distance.  This  value  must  be  calcu- 
lated or  estimated  by  the  user  and  coded  in  the  input  data  (variabale  AF,  card 
type  .13,  Appendix  5). 


^Harvest  Boundary 


Figure  I. — Relationship  among  average  skidding  distance,  actual  travel 
distance,  and  fixed  skidding  distance 
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AVERAGE   SKIDDING   DISTANCE  (ASD) 
FOR  SIMPLE   GEOMETRIC  SHAPES 


CIRCLE  (Suddorth  1952) 


ASD  =  (2/3)  R 


RIGHT  TRIANGLE  (Suddorth  1952) 


Landing 


ASD=  •J^T'  - 


X 


tan  I  arctan(-j-) 
1         2 


RECTANGLE(Suddarth  1952) 


CIRCULAR  SEGMENT  (Suddorth  1952) 


ASD  =  (2/3)  R 


ANY  TRIANGLE  (Peters  1978) 


Landing 


r,  ♦r 


ASD=   -%7f-[r3^-(r,-r,)2]4- 


K-(r,-r2)^][(r,n^)^-r;] 
I2r,' 


In 


ASD=^/x^*y^- 


y_ 
6x 


In 


tan 


arctan(-|- 


\_l 

2 
X 

In 

ton 

arctan(-7)l 


\ 


Where    In  -  notural  log.  base  e  ;  tan  -  tangent ;  arcton  -  arctangent 

Figure  II. — Average  skidding  distance  equations  for  areas  with  sinple 
geometric  shapes 
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\: 


MAP  BOUNDARY 


V 


HARVEST 
BOUNDARY 


HARVEST 
AREA 


N 


LANDING 


STEPl:  DETERMINE   HARVEST  BOUNDARY  AND 
LANDING  LOCATION. 


STEP  2=  SEPARATE  HARVEST  AREA  FROM  MAP 
BY  CUTTING  ALONG  HARVEST 
BOUNDARY  LINE. 


STEP  3  MAKE  TWO  SMALL  HOLES  NEAR 
MARGIN  OF  HARVEST  BOUNDARY 
(A&B).  SEPARATE  FROM  LANDING 
BY  ABOUT   1/3  BOUNDARY  CIRCUM- 
FERENCE. 


STEP 4:  PLACE  A  NEEDLE  IN  HOLE  AT  LOCA- 
TION (A)  AND  MAKE  SURE  THAT 
HARVEST  AREA  CUTOUT  ROTATES 
FREELY  ABOUT  THE  NEEDLE   AXIS. 
ATTACH  A  SMALL  PLUM  BOB  TO  NE- 
EDLE AND  MARK  PLUM  LINE   ON 
CUTOUT.    REPEAT  THIS  PROCESS  AT 
LOCATION  (B). 


STEP  5-  THE  CENTROID  OF  THE  HARVEST 
AREA  WILL   BE  AT  THE    INTERSEC- 
TION OF  THE  TWO  PLUM  BOB  LINES 
(C).  MEASURE  THE  DISTANCE   FROM 
POINT  C  TO  THE  LANDING  WITH  A 
RULER.  THIS  DISTANCE  MULTIPLIED 
BY  THE  MAP  SCALE  WILL  GIVE  A 
CLOSE   APPROXIMATION  OF  AVERAGE 
SKIDDING   DISTANCE(ASD) 


LANDING 

Figure  III. — Graphic  method  for  determining  average  skidding  distance 


when  landing  is  on  boundary  edge 
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Appendix  3— Harvesting  Example  Problem  Method  Assumptions 


Table  5. — Harvesting  equipment  assunptions 


Equipment  Description 


crawler  tractor  (72  hp)* 
rubber-tired  skidder  (70  hp)* 
rubber-tired  skidder  (90  hp)* 
tandem-axle  truck  (2  ton) 
tandem-axle  truck  (2  ton) 
knuckleboom  loader* 
repair  truck* 


Equipment 

Scheduled 

Efficiency 

Cycle  Volume 

Hourly 

Factor 

(W  Int.  Bdft) 

Costs  ($)  + 

0.70 

NA 

$21.63 

i       0.80 

400  -  510 

19.05 

f   0.85 

420  -  550 

22.30 

0.80 

1,800 

19.50 

0.80 

2,000 

20.50 

NA 

NA 

13.00 

NA 

NA 

8.50 

+  includes  $5.50  per  scheduled  hour  for  labor  costs 
*  equipment  involved  in  system  move  between  landings 


Table  6. — Road  segment  data 


Road 

Road 

Road 

Constructed 

Sidehill 

Cut 

Fill 

Building 

Section 

Length 

Width 

Slope 

Slope 

Ratio 

Ratio 

Difficulty 

(feet) 

(feet) 

(  %   ) 

(  %   ) 

(feet) 

(feet) 

a  -  b 

350 

15 

-10 

10 

1.5 

1.5 

100 

b  -  c 

450 

15 

-8 

15 

1.5 

1.5 

150 

c  -  d 

325 

15 

-10 

12 

1.5 

1.5 

100 

d  -  e 

800 

15 

-10 

12 

1.5 

1.5 

150 

e  -  f 

600 

14 

-8 

10 

1.5 

1.5 

100 

f  -  g 

700 

14 

-10 

8 

1.5 

1.5 

150 

g  -  h 

650 

13 

-15 

20 

1.5 

1.5 

100 

h  -  i 

1,250 

12 

-12 

15 

1.5 

1.5 

100 

i  -  J 

1,650 

12 

-6 

10 

1.5 

1.5 

100 

Table  7. — Landing  construction  data 


Distance 

Average 

Equipment 

From 

Depth 

System 

Landing 

Harvest 

Landing 

of 

Construction 

Move 

Method 

Code 

Boundary 

Size 

Cut 

Difficulty 

Time 

Number 

Letter 

(feet) 

(acres) 

(feet) 

Factor 

(hours) 

1 

A 

350 

1.5 

0.3 

1.00 

0.0 

2 

A 

350 

0.6 

0.3 

1.00 

0.0 

2 

B 

2,525 

1.5 

0.4 

0.90 

2.0 

3 

A 

350 

0.6 

0.3 

1.00 

0.0 

3 

B 

2,525 

0.8 

0.4 

0.90 

2.0 

3 

C 

3,875 

1.5 

0.4 

1.00 

1.8 

4 

A 

350 

0.6 

0.3 

1.00 

0.0 

4 

B 

2,525 

0.8 

0.4 

0.90 

2.0 

4 

C 

3,875 

0.9 

0.4 

1.00 

1.8 

4 

D 

6,775 

1.2 

0.3 

0.80 

2.2 

29 


Table  8. — Skidding  data  for  method  1 


Average 

Fixed 

Fixed 

Area 

Area 

Skidding 

Skidding 

Trail 

Cycle 

Landing 

Area 

Volume 

Size 

Distance 

Distance 

Slope 

Time 

Code 

Code 

(1/4"lnt) 

(acres) 

(feet) 

(feet) 

i%) 

(min) 

A 

1 

65,000 

26 

485 

0 

5 

7 

A 

2 

70,000 

28 

1,005 

265 

-2 

7 

A 

4 

40,000 

16 

525 

2,080 

-3 

7 

A 

5 

22,500 

9 

415 

3,700 

-5 

7 

A 

7 

90,000 

45 

1,180 

1,200 

-10 

9 

A 

8 

4,000 

2 

275 

4,000 

-8 

9 

A 

9 

15,000 

10 

840 

3,000 

-10 

11 

A 

10 

12,000 

8 

285 

4,950 

-2 

11 

A 

11 

24,000 

16 

1,095 

4,550 

5 

11 

A 

12 

16,000 

16 

625 

5,050 

10 

13 

A 

13 

27,000 

27 

990 

6,230 

10 

13 

A 

14 

15,000 

15 

570 

8,000 

5 

13 

A 

18 

26,000 

13 

520 

5,740 

15 

9 

A 

21 

30,000 

15 

1,095 

5,050 

12 

9 

A 

22 

6,000 

2 

170 

7,700 

10 

5 

A 

23 

105,000 

35 

900 

7,225 

10 

5 

Table  9.— Skidding  data  for  method  2 


Average 

Fixed 

Fixed 

Area 

Area 

Skidding 

Skidding 

Trail 

Cycle 

Landing 

Area 

Volume 

Size 

Distance 

Distance 

Slope 

Time 

Code 

Code 

(V4"Int) 

(acres) 

(feet) 

(feet) 

i%) 

(min) 

A 

1 

65,000 

26 

485 

0 

5 

7 

A 

3 

57,500 

23 

820 

265 

5 

7 

A 

4 

40,000 

16 

525 

2,080 

-3 

7  . 

B 

5 

22,500 

9 

415 

990 

10 

7 

B 

6 

12,500 

5 

190 

600 

12 

7 

B 

7 

90,000 

45 

630 

0 

-2 

9 

B 

8 

4,000 

2 

275 

1,300 

-8 

9 

B 

9 

15,000 

10 

445 

990 

-10 

11 

B 

10 

12,000 

8 

285 

1,680 

-10 

11 

B 

11 

24,000 

16 

1,095 

.   1,290 

-2 

11 

B 

12 

16,000 

16 

625 

1,780 

5 

13 

B 

13 

27,000 

27 

990 

2,670 

10 

13 

B 

14 

15,000 

15 

570 

5,050 

10 

13 

B 

18 

26,000 

13 

520 

2,080 

5 

9 

B 

21 

30,000 

15 

1,095 

1,880 

15 

9 

B 

22 

6,000 

2 

170 

3,660 

12 

5 

B 

23 

105,000 

35 

900 

4,260 

10 

5 

30 


Table  10. — Skidding  data  for  method  3 


Average 

Fixed 

Fixed 

Area 

Area 

Skidding 

Skidding 

Trail 

Cycle 

Landing 

Area 

Volume 

Size 

Distance 

Distance 

Slope 

Time 

Code 

Code 

(Wint) 

(acres) 

(feet) 

(feet) 

i%) 

(min) 

A 

1 

65,000 

26 

485 

0 

5 

7 

A 

3 

57,500 

23 

820 

265 

5 

7 

A 

4 

40,000 

16 

525 

2,080 

-3 

7 

B 

5 

22,500 

9 

415 

990 

10 

7 

B 

6 

12,500 

5 

190 

600 

12 

7 

B 

7 

90,000 

45 

630 

0 

-2 

9 

B 

8 

4,000 

2 

275 

1,300 

-8 

9 

B 

9 

15,000 

10 

445 

990 

-10 

11 

C 

10 

12,000 

8 

285 

790 

-10 

11 

C 

11 

24,000 

16 

1,095 

0 

-2 

11 

C 

12 

16,000 

16 

625 

300 

5 

13 

C 

13 

27,000 

27 

990 

1,390 

10 

13 

C 

14 

15,000 

15 

570 

3,660 

10 

13 

C 

18 

26,000 

13 

520 

790 

5 

9 

C 

21 

30,000 

15 

1,095 

300 

15 

9 

C 

22 

6,000 

2 

170 

2,480 

12 

5 

C 

23 

105,000 

35 

900 

2,870 

10 

5 

Table  11. — Skidding  data  for  method  4 


Average 

Fixed 

Fixed 

Area 

Area 

Skidding 

Skidding 

Trail 

Cycle 

Landing 

Area 

Volume 

Size 

Distance 

Distance 

Slope 

Time 

Code 

Code 

(Wint) 

(acres) 

(feet) 

(feet) 

(%) 

(min) 

A 

1 

65,000 

26 

485 

0 

5 

7 

A 

3 

57,500 

23 

820 

265 

5 

7 

A 

4 

40,000 

16 

525 

2,080 

-3 

7 

B 

5 

22,500 

9 

415 

990 

10 

7 

B 

6 

12,500 

5 

190 

600 

12 

7 

B 

7 

90,000 

45 

630 

0 

-2 

9 

B 

8 

4,000 

2 

275 

1,300 

-8 

9 

B 

9 

15,000 

10 

445 

990 

-10 

11 

C 

10 

12,000 

8 

285 

790 

-10 

11 

C 

11 

24,000 

16 

1,095 

0 

-2 

11 

C 

15 

6,000 

6 

490 

300 

-5 

13 

C 

19 

10,000 

5 

270 

790 

-5 

9 

D 

16 

37,000 

37 

900 

500 

-4 

13 

D 

17 

15,000 

15 

450 

0 

-5 

13 

D 

20 

16,000 

8 

335 

2,370 

3 

9 

D 

21 

30,000 

15 

1,170 

200 

4 

9 

.  D 

22 

6,000 

2 

170 

2,820 

4 

5 

D 

23 

105,000 

35 

720 

150 

6 

5 
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Appendix  4— Equipment  Specifications 


Table  12. — Equipment  horsepower  and  weight  characteristics 
for  selected  crawler  tractors 


Equipment 
Make  &  Model 

Equipment 
Horsepower 
(net  engine) 

Case   350 

450 

850 

1450 

39 

51 

72 

130 

Caterpillar  D3-PS 
D4-DD 
D5-DD 
D6-DD 

62 

75 

105 

140 

John  Deere  JD350-C 
JD450-C 
JD550 

42 
65 
72 

International  TD-7E-PS 
TD-8E-PS 
TD-15C-PS 

65 

78 

140 

Komatsu       D45A-1 
D53A-15 
D60A-6 

90 
110 
140 

Massey-Ferguson    MF300 

MF400 
MF5WB 

65 

85 

136 

Equipment 

Weight 

(bare,  pounds) 


5,905 

8,850 

13,000 

23,800 

10,300 
13,990 
19,200 
24,000 

8,160 
11,600 
12,300 

10,459 
13,834 
24,153 

18,340 
22 , 200 
28,220 

14,700 
20,585 
25,800 
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Table  13. — Equipment  horsepower  and  weight  characteristics  for 
selected  rubber-tired  skidders 


Equipment 
Make  &  Model 


Equipment 
Horsepower 
(net  engine) 

Equipment 

Weight 

(bare,  pounds) 

97 

16,250 

120 
175 

20,400 
28 ,  300 

82 

112 
166 

15,890 
17,855 
24,480 

70 
80 

112 
175 

12,000 
17,840 
18,740 
24,140 

86 

13,100 

70 

94 
110 
145 

12,250 
16,150 
19,900 
26,700 

93 

14,950 

67 
92 

12,300 
12,784 

90 
120 

15,890 
18,180 

A they  S-97D 

Caterpillar  518 
528 

Clark  Ranger  664B 
666B 
668b 

Franklin  531 
132 
170 
185 

International  S8 

John  Deere  JD440-B 
JD540-A 
JD640 
JD740 

Pettibone  100 

Timber  Jack  208D 
225 

Tree  Farmer  C5D 
C6D 
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Appendix  5— Data  Card  Types 


The  following  17  data  card  types  are  used  in  L-O-S-T  to  describe  organized 
input  data  for  the  harvesting  methods,  areas,  road  segments,  landings,  and 
equipment.  Unless  otherwise  stated,  all  input  data  is  to  be  right  justified. 
Input  variable  names  beginning  with  INTEGER  letters  (I,J,K,L,M,  or  N)  do  not 
require  decimal  points.  Input  variable  names  beginning  with  REAL  letters  (A-H, 
&  0-Z)  do  require  a  decimal  point  in  the  input  field  location  shown.  Although 
harvest  volume  units  of  pounds,  1A"  Int.  board  feet,  cubic  feet,  or  cords  may  be 
used,  once  a  unit  has  been  selected  it  must  be  used  throughout  the  analysis. 
The  input  data  for  the  harvesting  example  shown  in  Appendix  6  should  be  used 
to  supplement  the  data  card  type  descriptions  given  below. 


Card  Type  1 :  (required;  one  card) 


1 


/_/_/ 

Card  Type  2:  (required;  one  card) 


64  cc 

/  /     ATITLEO  harvesting  problem  title 


2  cc 
/_/ 

5  cc 
/  / 


M^TH    number  of  methods  analyzed 

(minimum  of  2  and  a  maximum  of  4) 

NDZR     number  of  crawler  tractors  (1-5) 


7  8  cc 
/_/_/ 

10  11  cc 
/  /  / 


NSKD     number  of  rubber-tired,  cable  skidders 
(1-10) 


NTRK 


number  of  trucks  (1-10) 


13  cc 
/  / 


15  cc 
/  / 


17  cc 
/  / 


ICTRAT    number  of  user  supplied  constraints 
(0-4);  allows  limits  on  number  of 
hours  permitted  for  harvesting 
functions  considered 

ILPANA    linear  programming  option  code: 

=  0  if  linear  programming  analysis 

is  performed 
=  1  if  linear  programming  analysis 
is  not  performed 

LPCDE     =  0  if  no  intermediate  matrices  are 
printed;  the  normal  case 
=  1  if  intermediate  matrices  are 

printed;  is  helpful  in  understanding 
sensivity  analysis 
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Card  Type  3:  (required;  one  card) 

1  cc 
/  /  lUNIT 


3  12  cc 


14 

18 

20 

cc 

/_/_ 

_/_ 

_/_ 

JiJ. 

_/_/ 

22 

26 

28 

cc 

/_/_ 

/_ 

_/_ 

JJ_ 

_/_/ 

unit  code  for  volume; 

=  1  for  pounds 

=  2  for  1/4"  Int.  board  feet 

=  3  for  cubic  feet 

=  4  for  cords 


HARVOL    total  volume  of  harvested  timber 
in  same  units  as  coded  for  lUNIT 


PRODPC    selling  or  delivered  price  in  normal 
selling  units  (ie.  $/ 1,000  board  feet) 


SYSMHC    hourly  cost  ($/hr)  to  move  pertinent 
equipment  to  the  next  landing;  not  an 
hourly  move-in  cost 


30     35  cc 
////.// 


DFTBTM    distance  in  miles  from  mill  to  harvest 

boundary  or  start  of  constructed  woods 
roads  (can  be  zero  if  analyzing  trucking 
within  harvest  boundary) 

Card  Type  4:  (required;  one  card  for  each  crawler  tractor  building  roads 
;  NDZR  cards  required;  cards  adjacent) 


1  4  cc 


6  9  cc 

fJJJJ 

11         14     16  cc 


DZRHPO   net  horsepower  of  crawler  tractor; 
(Table  12,  Appendix  4) 


DZREFO   crawler  tractor  efficiency  (ie.  0.80) 


DZRHCO   hourly  crawler  tractor  and  operator 
cost  ($/hr) 


Card  Type  5:  (required;  one  card  for  each  skidder;  NSKD  cards  required; 
Ccu:'ds  adjacent) 


1  4  cc 


6  11  cc 


13         16  cc 
//./// 


SKDHPO   net  skidder  horsepower; 
(Table  13,  Appendix  4) 


SKDWTO   weight  of  unloaded  skidder  in  pounds; 
(Table  13,  Appendix  4) 


SKDEFO   skidder  efficiency  (ie.  0.75) 
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18    21  23  cc 
fJJJJJJ  SKDHCO   hourly  skidder  and  operator  cost  ($/hr) 

Card  Type  6;  (required;  one  card  for  each  truck;  NTRK  cards  required; 
cards  adjacent);  note:  travel  speeds  must  be  >  0. 

I  4  00 

/_f_/_JJ  TKTENWO  empty  truck  travel  speed  in  nph  over 

non-woods  road  (Table  2,  Appendix  1) 

6     9  CO 

/_/_/_^/_/  TKTLNWO  loaded  truck  travel  speed  in  nph  over 

non-woods  road  (Table  2,  Appendix  1) 

II  14  00 

/_/__/_j_/_/  TKTEWDO  enpty  truck  travel  speed  in  nph  over 

woods  road  (Table  2,  Appendix  1) 
16    19  CO 
fJJ^/J  TKTLWDO  loaded  truck  travel  speed  in  nph  over 

'~  woods  road  (Table  2,  Appendix  1) 

21    24  CO 

/_/_/_^/_/  TKFTPCO  fixed  tinie  per  cycle  in  minutes;  can 

include  delays,  stops  for  fuel,  etc. 

26   29  CO 
/J  J  J  J  TKEFO    truck  efficiency  (ie.  0.80) 

31         38   40  00 
/J J  J  J  J  J  J  J  J  J  TKVOLO   average  truck  volume  (Tables  3  &  4, 

Appendix  1);  same  units  as  lUNIT  in 
card  type  3 
42   45  47  00 
fJJJJJJ  TKHCO    hourly  truck  and  operator  cost  ($/hr) 

Card  Type  7:  (required;  one  card  for  each  method;  NMETH  cards  required; 
cards  adjacent) 

1  CO 

/  /  IMETHO   method  number  (1-4) 

4  CO 
/  /  /  IRDSEGO  number  of  road  segments  for  this  method 

(0-20) 

7  CO 
/  /  ILANDNO  number  of  landings  for  this  method 

(1-8) 

Card  Type  8;  (required;  one  card  for  each  landing  for  each  method; 
cards  adjacent) 

1  CO 

/  /  JMN      method  number — not  number  of  methods 

(1-4) 
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4  cc 
/  /  JLN      landing  number — not  number  of  landings 

(1-8) 

7  cc 
/_/_/  JNA      number  of  areas  for  this  landing 

(1-25);  not  area  code  number 

10  cc 
/  /_/  JMAN     maximum  value  of  any  area  code  number 

for  this  landing;  is  equal  to  JNA  only 
if  areas  are  numbered  consecutively 

Card  Type  9:  (required;  one  card) 

1  cc 
/_/  JMN      control  card  v*iich  follows  the  last 

card  type  8  and  must  have  a  0  (zero) 
coded  in  card  column  1 

Card  Type  10:  (required;  one  card  for  each  road  segment  for  each  method; 
cards  adjacent) 

1         7  cc 
/_/_/_/_/_/_A/  ROADSL    length  of  road  segment  in  feet;  if 

there  are  no  road  segments  code  a 
0  (zero)  in  card  column  6  and  then 
skip  other  variables  on  this  card  type 

9     12  cc 
fJJJJ  ROADSW    segment  road  width  in  feet 

14     18  cc 
/_/_/_/_/j_/  ROADSP    percent  slope  (+,-)  or  road  segment  in 

direction  of  construction 

20     24  cc  ■- 

f J J J J J  ROADSS    percent  slope  (+  only)  of  side-hill 

adjacent  road 

26  28  30  cc 

f J  J J  J J  ROADCR    cut  ratio;  rise  in  cut  per  1  foot  of 

base  (ie.  1.50) 

32  34  36  cc 
f J J J  J J  ROADFR    fill  ratio;  drop  in  fill  per  1  foot  of 

base  (ie.  1.50) 

38     42  cc 
/_/_/_/_/j_/  ROADTY    road  construction  difficulty  code; 

=  10  for  road  constructed  under 
adverse  conditions  or  for  high  volume 
truck  traffic 
=  500  for  road  constructed  under  average 

conditions 
=  1000  for  road  constructed  under 
favorable  conditions 
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=  2000  for  road  constructed  under 
very  favorable  conditions,  or  the 
up-grading  of  an  existing  road 

=  3000  for  landing  constructed  under 
average  conditions 

note:  intermediate  values  (ie.  520,  760) 
can  be  used;  trial  and  error 
techniques  may  be  required  to  obtain 
desired  or  expected  times  and  costs 


Card  Type  11:  (required;  one  card) 


1  cc 
/  / 


Card  Type  12: 


ILDZR     input  order  number  of  crawler  tractor 
in  card  type  4  that  will  be  used  to 
construct  all  landings  (ie.  if  the 
second  crawler  tractor  in  card  type  4  is 
used,  then  code  a  2  in  card  column  1); 
only  one  crawler  tractor  is  permitted 
to  construct  landings 

(required;  one  card  for  each  landing  for  each  method;  cards 
adjacent;  input  all  landings  for  first  method,  then  all 
landings  for  second  method,  etc.) 


1  8  cc 

////////./ 


DSFTBO   distance  in  feet  this  landing  is  from 
harvest  boundary  as  measured  along 
woods  road 


10    13  cc 
/J J  J  J 

15    18  cc 
/J J  J  J 

20    23  cc 


ACRESL    landing  size  in  acres 


CUTL     average  depth  in  feet  of  earth  removed 
in  constructing  this  landing 

EFFL     landing  construction  difficulty  factor; 
must  be  greater  than  0.0;  suggest: 
=  less  than  1.00  for  difficult  sites 
=  1.0  for  average  sites 
=  greater  than  1 . 0  for  favorable  si  tes 


25     29  cc 


SYSMHR    number  of  hours  required  to  move 

equipment  to  this  landing;  not  a  move-in 
time,  but  a  system  move  between  landing 
time;  should  be  0  (zero)  for  the  first 
landing 


Card  Type  13:  (required;  one  card  for  each  area  for  each  method 
cards  adjacent) 


1  cc 
/  / 


IMN 


method  number 
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3  cc 
/_/ 

5  cc 
/_/_/ 

6  14  cc 

/////////./ 


15  20  cc 

/J J  J  J  J  J 

21  28  cc 

////////./ 


ILN 


IAN 


AV 


AA 


AN 


29  36  cc 

////////./ 


AX 


37  44  cc 

////////./ 


AF 


46  48       50  cc 
///./// 


AC 


52  56  cc 

/JJJJJ 

58        61  cc 
//./// 


AS 


AD 


landing  number 
area  code  number 


area  volume  in  same  units  used  for 
variable  lUNIT  in  card  type  3 


area  acres 


average  or  minimum  skidding  distance  in 
feet  for  this  area;  if  AN=AX  (next 
variable)  average  skidding  distance 
option  is  assumed  and  skidding  time 
is  not  based  on  integration  (dx) 


average  or  maj^imum  skidding  distance  in 
feet  for  this  area;  if  AX=AN  (last 
variable)  average  skidding  distance 
option  is  assumed  and  skidding  time 
is  not  based  on  integration  (dx) 


fixed  skidding  distance  in  feet  from 
landing  to  start  of  harvest  area;  is  0 
(zero)  if  landing  is  located  on  edge  or 
inside  of  harvest  area;  this  is  actual 
travel  distance  and  not  straight  line 
distance  (Figure  I,  Appendix  2) 


correction  factor  adjusting  straight 
line  skidding  distance  to  actual 
distance  traveled  by  skidder  inside  an 
area;  suggest  1.86;  use  1.00  for  no 
correction 

slope  of  skid  trail  (+,-)  in  percent, 
measured  in  travel  loaded  direction 

difficulty  factor  code  used  to 
provide  more  sensitivity  for  actual 
skidding  conditions  on  each  area;  can 
be  used  to  model  increased  skidder 
interactions,  multiple  skidders  on 
small  areas,  or  adverse  skidding 
conditions; 
=  less  than  1.00  for  adverse  skidding 

conditions  or  high  skidder  interaction 
=  1.00  for  average  skidding  conditions 

and  no  significant  skidder  interaction 
=  greater  than  1 . 00  for  very  favorable 

skidding  conditions  and  no  skidder 

interactions 
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63   66  Gc 

/_/_/_j_/_/  AT       average  fixed  skidding  time  per  cycle  in 

minutes  (ie.  hooking,  unhooking,  decking) 

Card  Type  14:  (required;  one  card) 

1  CO 

/_/  IMN      control  card  which  follows  the  last  card 

type  13;  must  have  a  0  (zero)  coded  in 
card  column  1 

Card  Type  15:  (required;  one  card  for  each  method,  for  each  landing,  for  each 
area,  for  each  skidder;  cards  adjacent) 

I  CO 

/_/  KM       method  number (1-4) 

4  cc 

/_/  KL       landing  number  (1-8) 

7  CO 
/_/_/  KA       area  code  number;  same  as  IAN  in 

card  type  13 

10  cc 
/_/_/  KS       skidder  input  order  number;  must  be  in 

same  sequence  as  coded  in  card  type  5. 

II  20  cc 

/_/_/_/_/_/_/_/_/ j_/_/       SKVMN     average  or  minimum  volume  skidded  per 

cycle;  if  SKVMN=SKVMX  (next  variable) 
average  skid  volume  is  assumed  and 
skidding  time  is  not  based  on 
integration  (dv);  volume  ranges  (Table  1, 
Appendix  1);  volume  must  be  in  same 
units  as  used  for  variable  lUNIT  in 
card  type  3 

21  30  cc 

/_/_/_/_/_/_/_/_/_^/_/       SKVMX    average  or  maximum  volume  skidded  per 

cycle;  if  SKVMX=SKVMN  (last  variable) 
average  skid  volume  is  assumed  and 
skidding  time  is  not  based  on 
integration  (dv);  volume  ranges 
(Table  1,  Appendix  1);  volume  must  be  in 
same  units  as  used  for  variable  lUNIT  in 
card  type  3 

Card  Type  16:  (required;  one  card  for  each  landing  for  each  method;  cards 
adjacent) 

1  cc 

/_/  ITMN     method  number  (1-4) 

4  cc 

/  /  ITLN     landing  number (1-8) 
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6    9  cc 
/J J J J  TKTVCF    truck  speed  correction  factor;  reflects 

change  in  truck  travel  speed  as  a 
function  of  distance  traveled  over 
woods  road;  ratio  of  ending  travel  speed 
on  woods  road  to  beginning  travel  speed 
on  woods  road;  a  value  of  1.00  would 
indicate  the  use  of  average  travel  speed 

Card  Type  17:  (optional;  use  only  if  adding  constraints  for  number  of  hours; 

use  only  if  value  of  ICTRAT  in  card  type  2  is  greater  than  zero; 
one  card  required  for  each  constraint;  cards  adjacent;  most 
often  used  after  one  computer  analysis  has  been  made  without 
upper  bound  constraints;  upper  bound  values  are  usually  not 
know  in  advance  of  an  initial  unconstrained  analysis 

1  cc 
/_/  ICSTFO    constraint  code: 

=  1  if  supplying  upper  bound  on  road 

construction  hours 
=  2  if  supplying  upper  bound  on  landing 

construction  and  system  move  hours 
=  3  if  supplying  upper  bound  on  skiding 

hours 
=  4  if  supplying  upper  bound  on  trucking 

hours 

3  10  cc 

////////./  upper  bound  value  of  constraint  in  hours 
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Appendix  6— Harvesting  Example  Problem  Input  Data 


HYPOTHETICAL  HARVESTING  EXAMPLE:  4  METHODS 

4  1  2  2  2  0  1 
2    567500.   95.00   50.63  30.5 

72.  0.70  21.63 

70.  14175.  0.80  19.05 

90.  16675.  0.85  22.30 

34.0  28.0  8.3  5.3  15.0  0.80  1800.00  19.50 
34.0  26.0  8.3  5.0  15.0  0.80  2000.00  20.50 
1   1   1 


2  5  2 

3  7  3 

4  9  4 

1  1  16 

23 

2  1  3 

4 

2  2  14 

23 

3  1  3 

4 

3  2  5 

9 

3  3  9 

23 

4  1  3 

4 

4  2  5 

9 

4  3  4 

19 

4  4  6  23 
n 

350. 

15.0 

-10. 

10. 

1.50 

1.50 

100. 

350. 

15.0 

-10. 

10. 

1.50 

1.50 

100. 

450. 

15.0 

-8. 

15. 

1.50 

1.50 

150. 

325. 

15.0 

-10. 

12. 

1.50 

1.50 

100. 

800. 

15.0 

-10. 

12. 

1.50 

1.50 

150. 

600. 

14.0 

-8. 

10. 

1.50 

1.50 

100. 

350. 

15.0 

-10. 

10. 

1.50 

1.50 

100. 

450. 

15.0 

-8. 

15. 

1.50 

1.50 

150. 

325. 

15.0 

-10. 

12. 

1.50 

1.50 

100. 

800. 

15.0 

-10. 

12. 

1.50 

1.50 

150. 

600. 

14.0 

-8. 

10. 

1.50 

1.50 

100. 

700. 

14.0 

-10. 

8. 

1.50 

1.50 

150. 

650. 

13.0 

-15. 

20. 

1.50 

1.50 

100. 

350. 

15.0 

-10. 

10. 

1.50 

1.50 

100. 

450. 

15.0 

-8. 

15. 

1.50 

1.50 

150. 

325. 

15.0 

-10. 

12. 

1.50 

1.50 

100. 

800. 

15.0 

-10. 

12. 

1.50 

1.50 

150. 

600. 

14.0 

-8. 

10. 

1.50 

1.50 

100. 

700. 

14.0 

-10. 

8. 

1.50 

1.50 

150. 

650. 

13.0 

-15. 

20. 

1.50 

1.50 

100. 

1250. 

12.0 

-12. 

15. 

1.50 

1.50 

100. 

1650. 
1 

12.0 

-6. 

10. 

1.50 

1.50 

100. 

350. 

.   1.5 

0.3 

1.00 

0.0 

350, 

.  0.6 

0.3 

1.00 

0.0 

2525. 

.   1.5 

0.4 

0.90 

2.0 
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350 

.  0.6 

0.3  1. 

00   0.0 

25?5 

.  0.8 

0.4  0. 

90   2.0 

3875 

.   1.5 

0.4  1. 

00   1.8 

350 

.  0.6 

0.3  1. 

00   0.0 

2525 

.  0.8 

0.4  0. 

90   2.0 

3875 

.  0.9 

0.4  1. 

00   1.8 

6775 

.   1.2 

0.3  0. 

80   2,2 

1  1  1 

65000. 

26. 

485. 

485. 

0.  " 

.9 

5. 

1.00 

7.0 

1  1  2 

70000. 

28. 

1005. 

1005. 

265.   ' 

.9 

-2. 

1.00 

7.0 

1  1  4 

40000. 

16. 

525. 

525. 

2080.   ' 

.9 

-3. 

1.00 

7.0 

1  1  5 

22500. 

9. 

415. 

415. 

3700.  - 

.9 

-5. 

1.00 

7.0 

1  1  7 

90000. 

45. 

1180. 

1180. 

1200.   ' 

.4 

-10. 

1.00 

9.0 

1  1  8 

4000. 

2. 

275. 

275. 

4000.   ' 

.4 

-8. 

0.90 

9.0 

1  1  9 

15000. 

10. 

840. 

840. 

3000.   ' 

.4 

-10. 

1.00 

11.0 

1  110 

12000. 

8. 

285. 

285. 

4950.   - 

.4 

-2. 

1.00 

11.0 

1  111 

24000. 

16. 

1095. 

1095. 

4550.  - 

.4 

+5. 

0.95 

11.0 

1  112 

16000. 

16. 

625. 

625. 

5050.  - 

.5 

+10. 

0.85 

13.0 

1  113 

27000. 

27. 

990. 

990. 

6230.  ' 

.5 

+10. 

0.90 

13.0 

1  114 

15000. 

15. 

570. 

570. 

8000.   ' 

.5 

+5. 

0.90 

13.0 

1  118 

26000. 

13. 

520. 

520. 

57^0.   ' 

.5 

+15. 

0.80 

9.0 

1  121 

30000. 

15. 

1095. 

1095. 

5050 .   - 

.7 

+12. 

0.90 

9.0 

1  122 

6000. 

2. 

170. 

170. 

7700.   ' 

1.7 

+10. 

1.00 

5.0 

1  123 

105000. 

35. 

900. 

900. 

7225.   ' 

1.7 

+10. 

1.00 

5.0 

2  1  1 

65000. 

26. 

485. 

485. 

0.  - 

1.6 

5. 

1.00 

7.0 

2  1  3 

57500. 

23. 

820. 

820. 

265.   ' 

1.6 

5. 

1.00 

7.0 

2  1  4 

40000. 

16. 

525. 

525. 

2080.   - 

1.6 

-3. 

1.00 

7.0 

2  2  5 

22500. 

9. 

415. 

415. 

990.  - 

1.6 

10. 

1.00 

7.0 

2  2  6 

12500. 

5. 

190. 

190. 

600.  ' 

1.6 

12. 

1.00 

7.0 

2  2  7 

90000. 

45. 

630. 

630. 

0. 

1.6 

-2. 

1.00 

9.0 

2  2  8 

4000. 

2. 

275. 

275. 

1300.  ■ 

1.6 

-8. 

1.00 

9.0 

2  2  9 

15000. 

10. 

445. 

445. 

990. 

1.6 

-10. 

1.00 

11.0 

2  210 

12000. 

8. 

285. 

285. 

1680.  - 

1.4 

-10. 

1.00 

11.0 

2  211 

24000. 

16. 

1095. 

1095. 

1290.  ■ 

1.4 

-2. 

1.00 

11.0 

2  212 

16000. 

16. 

625. 

625. 

1780. 

1.4 

5. 

0.95 

13.0 

2  213 

27000. 

27. 

990. 

990. 

2670. 

1.4 

10. 

0.85 

13.0 

2  214 

15000. 

15. 

570. 

570. 

5050. 

1.9 

10. 

0.90 

13.0 

2  218 

26000 . 

13. 

520. 

520. 

2080. 

1.5 

5. 

0.90 

9.0 

2  221 

30000 . 

15. 

1095. 

1095. 

1880.  - 

1.5 

15. 

0.80 

9.0 

2  222 

6000. 

2. 

170. 

170. 

3660.  ■ 

1.5 

12. 

1.00 

5.0 

2  223 

105000. 

35. 

900. 

900. 

4260. 

1.5 

10. 

1.00 

5.0 

3  1  1 

65000. 

26. 

485. 

485. 

0. 

1.9 

5. 

1.00 

7.0 

3  1  3 

57500. 

23. 

820. 

820. 

265.   - 

1.9 

5. 

1.00 

7.0 

3  1  4 

40000. 

16. 

525. 

525. 

2080.  ■ 

1.9 

-3. 

1.00 

7.0 

3  2  5 

22500. 

9. 

415. 

415. 

990.  ■ 

1.6 

10. 

1.00 

7.0 

3  2  6 

12500. 

5. 

190. 

600. 

600.  ■ 

1.6 

12. 

1.00 

7.0 

3  2  7 

90000. 

45. 

630. 

630. 

0.   ' 

1.6 

-2. 

1.00 

9.0 

3  2  8 

4000. 

2. 

275. 

275. 

1300.  - 

1.6 

-8. 

1.00 

9.0 

3  2  9 

15000. 

10. 

445. 

445. 

990.  ■ 

1.6 

-10. 

1.00 

11.0 

3  310 

12000. 

8. 

285. 

285. 

790.  - 

1.7 

-10. 

1.00 

11.0 

3  311 

24000. 

16. 

1095. 

1095. 

0.  - 

1.7 

-2. 

1.00 

11.0 

3  312 

16000. 

16. 

625. 

625. 

300.  ' 

1.7 

5. 

0.95 

13.0 

3  313 

27000. 

27. 

990. 

990. 

1390. 

1.7 

10. 

0.85 

13.0 

3  314 

15000. 

15. 

570. 

570. 

3660. 

1.8 

10. 

0.90 

13.0 

3  318 

26000 . 

13. 

520. 

520. 

790. 

1.8 

5. 

0.90 

9.0 

3  321 

30000. 

15. 

1095. 

1095. 

300. 

1.8 

15. 

0.80 

9.0 

3  322 

6000. 

2. 

170. 

170. 

2480. 

1.8 

12. 

1.00 

5.0 

3  323 

105000. 

35. 

900. 

900. 

2870. 

1.8 

10. 

1.00 

5.0 

44 


4  1  1 

65000. 

26. 

485. 

485. 

0.  ' 

.9 

5. 

1.00 

7.0 

4  1  3 

57500. 

23. 

820. 

820. 

265.   ' 

.9 

5. 

1.00 

7.0 

4  1  4 

40000. 

16. 

525. 

525. 

2080.  ' 

.9 

-3. 

1.00 

7.0 

4  2  5 

22500. 

9. 

415. 

415. 

990.   ' 

.6 

10. 

1.00 

7.0 

4  2  6 

12500. 

5. 

190. 

600. 

600.   - 

1.6 

12. 

1.00 

7.0 

4  2  7 

90000. 

45. 

630. 

630. 

0.  - 

1.6 

-2. 

1.00 

9.0 

4  2  8 

4000. 

2. 

275. 

275. 

1300.  - 

1.6 

-8. 

1.00 

9.0 

4  2  9 

15000. 

10. 

445. 

445. 

990.  ■ 

1.6 

-10. 

1.00 

11.0 

4  310 

12000. 

8. 

285. 

285. 

790.  - 

1.7 

-10. 

1.00 

11.0 

4  311 

24000. 

16. 

1095. 

1095. 

0.  ■ 

1.7 

-2. 

1.00 

11.0 

4  315 

6000. 

6. 

490. 

490. 

300.  ' 

1.7 

-5. 

0.95 

13.0 

4  319 

10000. 

5. 

270. 

270. 

790.  ' 

1.7 

-5. 

0.90 

9.0 

4  416 

37000. 

37. 

900. 

900. 

500.   ■ 

1.5 

-4. 

0.90 

13.0 

4  417 

15000. 

15. 

450. 

450. 

0.  ■ 

1.5 

-5. 

0.90 

13.0 

4  420 

16000. 

8. 

335. 

335. 

2370. 

1.5 

3. 

0.80 

9.0 

4  421 

30000. 

15. 

1170. 

1170. 

200. 

1.5 

4. 

0.80 

9.0 

4  422 

6000. 

2. 

170. 

170. 

2820. 

1.5 

4. 

1.00 

5.0 

4  423  105000. 

35. 

720. 

720. 

150. 

1.5 

6. 

1.00 

5.0 

U 

1   1   1 

1 

400. 

400. 

1   1   1 

2 

460. 

460. 

1   1   2 

1 

450. 

450. 

1   1  2 

2 

470. 

470. 

1  1  4 

1 

450. 

450. 

1  1  4 

2 

470. 

470, 

1  1  5 

1 

450. 

450. 

1  1  5 

2 

470. 

470. 

1  1  7 

1 

460. 

460. 

1  1  7 

2 

500. 

500. 

1  1  8 

1 

400. 

400. 

1  1  8 

2 

420. 

420. 

1  1  9 

1 

510. 

510. 

1  1  9 

2 

550. 

550. 

1  1  10 

1 

460. 

460. 

1  1  10 

2 

490. 

490. 

1  1  11 

1 

500. 

500. 

1  1  11 

2 

520. 

520. 

1  1  12 

1 

450. 

450. 

1  1  12 

2 

490. 

490. 

1  1  13 

1 

450. 

450. 

1  1  13 

2 

490. 

490. 

1  1  14 

1 

450. 

450. 

1  1  14 

2 

490. 

490. 

1  1  18 

1 

450. 

450. 

1  1  18 

2 

490. 

490. 

1  1  21 

1 

450. 

450. 

1  1  21 

2 

490. 

490. 

1  1  22 

1 

450. 

450. 

1   1  22 

2 

490. 

490. 

1   1  23 

1 

450. 

450. 

1   1  23 

2 

490. 

490. 

2  1   1 

1 

400. 

400. 

2  1   1 

2 

460. 

460. 

2  1  3 

1 

450. 

450. 

2  1  3 

2 

470. 

470. 

2  1  4 

1 

450. 

450. 

2  1  4 

2 

470. 

470. 
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2 

2  5 

1 

400. 

400. 

2 

2  5 

2 

420. 

420. 

2 

2  6 

1 

400. 

400. 

2 

2  6 

2 

420. 

420. 

2 

2  7 

1 

460. 

460. 

2 

2  7 

2 

500. 

500. 

2 

2  8 

1 

400. 

400. 

2 

2  8 

2 

420. 

420. 

2 

2  9 

1 

510. 

510. 

2 

2  9 

2 

550. 

550. 

2 

2  10 

1 

460. 

460. 

2 

2  10 

2 

490. 

490. 

2 

2  11 

1 

500. 

500. 

2 

2  11 

2 

520. 

520. 

2 

2  12 

1 

450. 

450. 

2 

2  12 

2 

490. 

490. 

2 

2  13 

1 

450. 

450. 

2 

2  13 

2 

490. 

490. 

2 

2  14 

1 

450. 

450. 

2 

2  14 

2 

490. 

490. 

2 

2  18 

1 

450. 

450. 

2 

2  18 

2 

490. 

490. 

2 

2  21 

1 

450. 

450. 

2 

2  21 

2 

490. 

490. 

2 

2  22 

1 

450. 

450. 

2 

2  22 

2 

490. 

490. 

2 

2  23 

1 

450. 

450. 

2 

2  23 

2 

450. 

450. 

3 

1   1 

1 

400. 

400. 

3 

1   1 

2 

460. 

460. 

3 

1  3 

1 

450. 

450. 

3 

1  3 

2 

470. 

470. 

3 

1  4 

1 

450. 

450. 

3 

1  4 

2 

470. 

470. 

3 

2  5 

1 

400. 

400. 

3 

2  5 

2 

420. 

420. 

3 

2  6 

1 

400. 

400. 

3 

2  6 

2 

420. 

420. 

3 

2  7 

1 

460. 

460. 

3 

2  7 

2 

500. 

500. 

3 

2  8 

1 

400. 

400. 

3 

2  8 

2 

420. 

420. 

3 

2  9 

1 

510. 

510. 

3 

2  9 

2 

550. 

550. 

3 

3  10 

1 

460. 

460. 

3 

3  10 

2 

490. 

490. 

3 

3  11 

1 

500. 

500. 

3 

3  11 

2 

520. 

520. 

3 

3  12 

1 

450. 

450. 

3 

3  12 

2 

490. 

490. 

3 

3  13 

1 

450. 

450. 

3 

3  13 

2 

490. 

490. 

3 

3  14 

1 

450. 

450. 

3 

3  14 

2 

490. 

490. 

3 

3  18 

1 

450. 

450. 

3 

3  18 

2 

490. 

490. 

3 

3  21 

1 

450. 

450. 

46 


3  21 

2 

490. 

490. 

3  22 

1 

450. 

450. 

3  22 

2 

490. 

490. 

3  23 

1 

450. 

450. 

3  23 

2 

450. 

450. 

1   1 

1 

400. 

400. 

1  1 

2 

460. 

460. 

1  3 

1 

450. 

450. 

1  3 

2 

470. 

470. 

1  4 

1 

450. 

450. 

1  4 

2 

470. 

470. 

2  5 

1 

400. 

400. 

2  5 

2 

420. 

420. 

2  6 

1 

400. 

400. 

2  6 

2 

420. 

420. 

2  7 

1 

460. 

460. 

2  7 

2 

500. 

500. 

2  8 

1 

400. 

400. 

2  8 

2 

420. 

420. 

2  9 

1 

510. 

510. 

2  9 

2 

550. 

550. 

3  10 

1 

460. 

460. 

3  10 

2 

490. 

490. 

3  11 

1 

500. 

500. 

3  11 

2 

520. 

520. 

3  15 

1 

450. 

450. 

3  15 

2 

490. 

490. 

3  19 

1 

420. 

420. 

3  19 

2 

470. 

470. 

4  16 

1 

430. 

430. 

4  16 

2 

460. 

460. 

4  17 

1 

440. 

440. 

4  17 

2 

480. 

480. 

4  20 

1 

450. 

450. 

4  20 

2 

490. 

490. 

4  21 

1 

490. 

490. 

4  21 

2 

520. 

520. 

4  22 

1 

450. 

450. 

4  22 

2 

500. 

500. 

4  23 

1 

470. 

470. 

4  23 

2 

510. 

510. 

1  0.95 

1  0.95 

2  0.90 

1  0.95 

2  0.90 

3  0.85 

1  0.95 

2  0.90 

3  0.85 

4  0.80 

120.0 

600.0 
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Appendix  7— Harvesting  Example  Problem  Output  Data 


TITLE  L-O-S-T   RUN=     HYPOTHETICAL  HARVESTING  EXAMPLE:  4  METHCOS 
NUMBER  CF  METHODS=     A 

NUMBER  OP  Or)ZERS=     I 
NUMBER  OF  SKinDERS=     2 

NUMBER  OF  TRUCKS=     2 

LP  ANALYSIS  CODE=     0 

L<»  OUTPUT  CODE=     0 

n    USER  CCNSTR4INTS=     2 

HARVEST  VOLUME=  567500.   INT.  BOARD  FEET 

PRICE  IN  SELLING  UNITS  (t»=  95.00 

HOURLY  LANOING  MOVE  COST  (t)=  50.63 

DISTANCE  FOOM  WOODS  EDGE  Tf  ^'ILL  (MILES>=     30.5 

DPZE"   rOZFP    DOZER    HOURLY 
NUMBER      HP    EFFIC      COST 

I  7  2.  0.70  2l.6:< 

21.63 


««ft««t«<:»4i««4:«;:t«:«:]!:ft««^4i  «<[««««  ««««[»««  ««««*«  4  444  4««4l«« 

SKIODEM 

SKIDDEP  SKICDEP,  SKIPOFR       SKIDOEH  HOURLV 

MUM^cp  HORSFPOWEP.  WEIGHT  ■=  F  F I C  CCST 

1  70.  U17S.  C.80  19.05 

2  90.  16675.  0.85  22.30 

*««*»«««*«<^4i4c«4i(i««««4[««4i»«4  4«4'*«4«4<*«4*»««*4««««»* 

^l  .35 


41  «<:4l«4  4i«:4t4c«(c^«4i««:4c4;<'Ji «»«««««  *44>4i*«^4<««««*«««  4  «««  4  «««<!*  4  **««*««««««««<*<<«*>>*«*« 

**    AJON-WOODS    ** 

TRAVEL  TRAVEL 

EMPTY  LQAOf^O 

TRUCK  SPEED  SPEEp 

Number  mph  m^h 

1  3'.. 00  29.00 

?.  3^.00  26.00 

«**«*4i*  *  **t  *^  4  :^^mt**iVii*it»********tt**4***-i'**^**  *************  PAP  ******  ************ 

AC. 00 


««:»««   WOOOS   *♦♦* 

TR4VEL 

TRAVEL 

F  IXFC 

EMPTY 

LOADED 

T  IMC 

CYCLE 

TRUCK 

SPFED 

SPEED 

FEfl 

TRUCK 

TRUCK 

hourly 

NPH 

MPH 

LOAD 

EFFIC 

VOLUME 

COS  I 

8.30 

5.30 

1  5  .  0 11 

O.SO 

i«no.oo 

19.511 

8.30 

5.00 

15.00 

O.dO 

2000.00 

20.50 
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NUMBER     NUMBER 
METHOD        POAD  OF 

NUMBER   SEGMENTS   LANDINGS 


»**•••**••«••••**• 


*•«•»«« •*«**«6*A3 

•*ft«**«»«* 

f|i)MBE=< 

HFTHOD 

LANDING 

OF 

NUMBER 

NUMBER 

AREAS 

I 

I 

15 

2 

I 

3 

2 

2 

14 

3 

1 

3 

3 

> 

S 

3 

3 

5 

« 

1 

3 

4 

2 

5 

4 

1 

4 

4 

4 

4 

»«••«•««•« 


AfAXIMt"     AREA 
COCE       NUMBER 


9 

2i 

4 

9 

19 

23 


**«*«>*4 


MfThno 
NUMBFR 


<:E-."1'=  IT 


•JU'lKfK  LC'IGTI- 


w  ICTH 


BCAC 
SLCFf 


5  nt 

SLDOE 


CUT 
SLCPf 
(\JT  l(j 


F  ILL 

SIOFE 
RATIO 


PTAO 
TyFE 
CCDf 


CUBIC 
VACPS 


ACf-ES 
CLE  A(.FP 


SEGMENT 
HOURS 


>««»•«• ••«#»»«• 


SEGMENT       METHOD      MCInOL. 

cnsi       HOuPS        cUii 


3  5". 


U'P. 


151. 
450. 
?25. 

600. 
2525. 


15.0 
15.0 
15.0 
15. J 

n.o 


10. 

1.50 

1.50 

ICO 

15  , 

1.50 

1.53 

150 

12. 

1.50 

1  .50 

inn 

12. 

1.50 

1.50 

150 

10. 

1.50 

1  .5(1 

100 

99.2 

54.2 

1  33.  i 


0.  I 
0.2 
n  .1 
0.  3 
0.  7 
1.0 


7 

9 

170 

.07 

J 

d 

169 

00 

? 

7 

167 

3  8 

12 

7 

2  74 

67 

13 

0 

2  00 

.23 

350. 
450. 
7  25. 
800. 
600. 
700. 
651. 
3175. 


15.0 
15.0 
1  5.0 
15.0 
1  <i.0 
14.0 
13.0 


10 

1.  50 

1.5C 

100 

15 

1.50 

1  .50 

150 

12 

1.5i> 

1  .5" 

100 

13 

1.50 

1.50 

150 

10 

1.50 

1  .50 

100 

p 

1.50 

1.5C 

150 

20 

1.50 

1  .50 

If.O 

46.9 

99.2 

54.2 

133.3 

70.0 

63.1 

158. H 

625.5 


C.l 
0.  2 
0.  1 

0.3 
0.2 
0.  3 
J.  3 
1.6 


7 

9 

170 

07 

7 

Ij 

169 

00 

7 

7 

167 

3b 

1<: 

7 

27<. 

67 

13 

a 

2ao 

23 

9 

<• 

^n^ 

75 

16 

7 

360 

69 

350. 
45". 
325. 

ion. 

600. 

700. 

650. 
1250. 
1650. 
6775. 


15.0 
15.i: 
15.0 
15.0 
14.0 
14.0 
13.0 
12.0 
12.0 


10. 

1.50 

1.50 

100 

15. 

1.  50 

1.5C 

150 

1?. 

1.50 

1  .50 

100 

12. 

1.50 

1.50 

150 

10. 

I.  to 

1.5C 

100 

8. 

1.50 

1.50 

I'O 

20. 

1.50 

1.50 

U'" 

15. 

1.  'II 

1  .50 

lOO 

10. 

1.50 

1.50 

100 

'•6.9 

99.2 

5'.. 2 

13  3.3 

70. J 

63.  1 

15C.8 

176.  ) 

141.5 

94  3.3 


0.  1 
0.2 
0.  1 
0.  3 
0.2 
0.  3 
0.  3 
0.4 
0.  5 
2.6 


7. 

9 

170 

0  7 

7 

0 

169 

00 

7 

7 

167 

38 

12 

7 

274 

67 

13 

U 

280 

23 

9 

^ 

202 

75 

16 

1 

360 

69 

27 

1 

537 

.16 

32 

3 

698 

43 

>••••«••••■••• 
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■eiCHTtc 

»•«**•••* 
MclHoU 

CIST«Nr.e 

L^WntNG 

^VERiCE 

HOJPLlr 

LAMIINC 

i«Nnr:>; 

SVStEH 

STStBB 

euiioiKc 

ncvE    C 

netHri 

lUNOf.Nt 

Kll* 

sizr 

CUT 

oo;er 

onZER 

ErFlC 

BimOINC 

aulLOINO 

«ove 

cnvi 

C    S0VIN6 

LANUlHli 

NItMBE" 

NWMflC 

>     snimoAov 

ACPfS 

DEPTH 

HP 

CC5T 

eocE 

HtlUPS 

COST 

tioups 

CCSI 

fCUftS 

cCiJ 

I                 1?3. 

1.5 

0.3 

T?. 

21.63 

l.Ao 

2.tP 

56.27 

U.d 

0.00 

0.78 

96.27 

IStJ. 

0.6 

0.3 

72. 

21.63 

l.Oo 

1.05 

;?.5i 

0.3 

0.00 

!             2525. 

1.5 

0.* 

TZ. 

21. t3 

n.'K" 

3.  jn 

67.13 

2. it 

101.26 

2.65 

190.40 

1M. 

O.S 

0.3 

72. 

21.^3 

1.00 

1.05 

22.31 

0.0 

0.00 

'              ?525. 

0.5 

C.« 

7^. 

21.63 

o.no 

1.66 

35.80 

2.0 

101.26 

t              3«»5. 

1.5 

0.5 

72. 

21. t3 

1.0) 

2.15 

60.52 

1.8 

91.13 

0.31 

311.13 

110. 

0.5 

C.l 

72. 

21. f3 

l.'-O 

1.05 

22.51 

0.0 

O.CO 

'             2S?5. 

0.3 

0.4 

72. 

21. H 

0.4  J 

1.6t 

35. »0 

2.0 

101.26 

(               3175. 

I'.' 

0.5 

77. 

21.63 

1..1.1 

l.eE 

36.25 

I.M 

41.13 

i 

k               '.;75. 

1.2 

e.3 

72. 

21. *3 

0.P3 
**••••« 

2. to 

56.27 

2.2 

111.34 

6.24 

59«.62 

••••••••••• 

•4INl:ii.«< 

>*»«I»>U» 

FIXED 

SKIDDING 

TRAIL        SLOPE 

AREA 

ftAiJ 

M(-THOO       15 

NoiNf,       imcs 

lf.fi 

tf.(.t 

SKICCINC 

SKICDINC 

SKlDTINO 

CCBPfCTlCN 

(PAVEL    L0A.3E3 

OIFFICUITY 

IME 

KimnFff      N 

'ITQl"      HUWE5 

vDLUrE 

ACRES 

i;l5TANCE 

0I5T4KCE 

OISIANCE 

F  AC  TUP 

OIPELTICN    Ul 

F  AC  TCP 

CTkLk 

1             I 

65030. 

26. 

555. 

485. 

0. 

1.90 

5. 

1.00 

/.U 

1             ? 

70C00. 

28. 

1005. 

1005. 

265. 

1.90 

-2. 

1.00 

7.0 

1                  4 

5nrno. 

U. 

525. 

525. 

2(1 80. 

1.90 

-3. 

1.00 

1.0 

I                    5 

22500. 

5. 

515. 

415. 

3  700. 
12'to. 

1.90 

-5. 

1.00 

i.i 

1                    7 

9l«00<3. 

55. 

lino. 

1180. 

1.40 

-10. 

1.00 

9.U 

1                     5 

5CO0. 

i  . 

275. 

2»;. 

4C0O. 

1.50 

-8. 

3.40 

4.3 

1                     9 

15000. 

to. 

850. 

850. 

3000. 

1.40 

-10. 

1.00 

kl.lt 

1                   l'» 

12C0O. 

e. 

285. 

285. 

4950. 

1.50 

-2. 

1.00 

u.o 

1                   11 

25000. 

It. 

1C45. 

1095. 

4550. 

1.40 

5. 

0.90 

tl.3 

1                  12 

16000. 

16. 

625. 

625. 

5050, 

1.50 

10. 

0.80 

U.O 

1            1  ^ 

2  7rno. 

27. 

540. 

540. 

6230. 

1.50 

10. 

0.90 

u.o 

1                      14 

1530'3. 

15. 

570. 

570. 

8000. 

1.50 

5. 

0.40 

13.W 

1                  14 

26000. 

13. 

520. 

520. 

5  75H. 

1.5.> 

15. 

0.80 

9.0 

1                  21 

3P0PC. 

It. 

IC9«. 

1095. 

5050. 

1.70 

12. 

0.53 

V.3 

1                22 

6C'50. 

2. 

170. 

170. 

7700. 

1.70 

m. 

1.00 

5.U 

1                23 

lOSO'lO. 

3S. 

500. 

9C0. 

7225. 

1.70 

10. 

l.CO 

5.0 

1                  1 

f 5000. 

26. 

58  5. 

♦  85. 

0. 

1.60 

5. 

1.00 

7.0 

t                  3 

57500. 

23. 

820. 

820. 

265. 

1.60 

5. 

1.00 

7.0 

1                  « 

50010. 

It. 

525. 

525. 

2080. 

1.60 

-J. 

1.00 

7.0 

2                  5 

22530. 

«. 

515. 

515. 

940. 

1.60 

10. 

1.00 

r.3 

2                  6 

12'00. 

«  ^ 

140. 

190. 

600. 

1.60 

12. 

1.00 

7.0 

2                  7 

4PP0P. 

55. 

63C. 

6  30. 

0. 

1.60 

-2. 

1.00 

4.3 

2                  B 

5000. 

i. 

275. 

2J5. 

1300. 

l.bO 

-a. 

1.00 

4.0 

2                  9 

ISOOO. 

10. 

555. 

545. 

4M. 

1.60 

-10. 

1.00 

11.0 

2                10 

12030. 

8. 

285. 

285. 

1680. 

1.50 

-10. 

1.00 

U.O 

2               11 

25000. 

16. 

109J. 

1095. 

1240. 

1.50 

-2. 

1.00 

U.O 

7               12 

I6crn. 

It. 

»?5. 

625. 

1780. 

1.40 

5. 

0.90 

!.>.» 

2                13 

2  70.30. 

27. 

590. 

940. 

2670. 

l.-O 

l'«. 

o.EO 

ij.O 

2                15 

15C0C. 

If. 

570. 

5  70. 

50'(l. 

1.40 

10. 

0.40 

13.0 

'                1« 

2f.001. 

I}. 

520. 

5  20. 

7080. 

1.50 

5. 

0.90 

5.3 

2               ?1 

30030. 

15. 

10O5. 

1095. 

1880. 

l.SO 

15. 

o.eii 

4.0 

2                 '  .** 

503n. 

i  • 

170. 

17C. 

3660. 

1.50 

12. 

1  .00 

5.0 

?                i3 

1050-10. 

35. 

400. 

900. 

4260. 

1.50 

10. 

1.00 

5.0 

1                    I 

65000. 

26. 

535. 

485. 

<>. 

1.9l> 

5. 

1.00 

t.U 

1                    1 

57«00. 

23. 

e2  0. 

820. 

265. 

1.40 

5. 

1.00 

7.3 

1                    " 

50000. 

16. 

525. 

525. 

2C80. 

1.40 

-3. 

1.00 

7.3 

2                  5 

?25f>0. 

5. 

515. 

415. 

cqo. 

1.60 

10. 

1.00 

1.0 

?                  t 

12'00. 

5. 

140. 

6C0. 

600. 

l.oO 

12. 

1.00 

7.4 

2                  7 

J0C3O. 

55. 

MO. 

6?fl. 

0. 

l.6'» 

-2. 

i.oo 

4.3 

:             5 

5rnn, 

i  . 

275. 

215. 

1  3fO  . 

1.6<> 

-8. 

1.30 

4.U 

2                  •' 

15000. 

10. 

545. 

445. 

940. 

1.60 

-10. 

l.JU 

11.6 

3                  1'^ 

12i'0rt. 

«. 

285. 

285. 

750. 

l./O 

-ID. 

1.00 

U.O 

1                  1  1 

?5(-nr. 

It. 

1C45. 

1055. 

0. 

1.70 

-2. 

1.03 

U.O 

3                  12 

16060. 

16. 

t»5. 

625. 

300. 

1.7J 

5. 

0.50 

li.o 

1           n 

2  Torn. 

J  7. 

540. 

5  50.. 

134". 

1.70 

10. 

ceo 

13.3 

'                  !«. 

15no">. 

i; . 

?T0. 

5  70. 

3tt0. 

1.60 

IJ. 

0.90 

U.O 

3                 1» 

26'ni. 

1 ;. 

520. 

520. 

710. 

l.B" 

5. 

n.40 

4.0 

1                 .'1 

■  rcoo. 

15. 

1045. 

1055, 

J(.t«. 

1.80 

15. 

J.  80 

5.3 

1                ?  ■» 

5001. 

2. 

17C. 

170. 

i4P0. 

1.80 

12. 

1.30 

5.3 

3                23 

l05Cir. 

3t. 

9'10. 

400. 

.  P  7>) . 

1.80 

10. 

1.00 

5. J 

1                   1 

t'iOJP. 

2t. 

455. 

48*. 

0. 

1.40 

5. 

I.JO 

7.3 

1                  1 

•-.7530. 

?i. 

823. 

5  20. 

26  5. 

1.40 

5. 

1  .00 

7.0 

1                   << 

40000. 

It. 

525. 

525. 

2080. 

1.40 

-3. 

1.00 

1.0 

?                       5 

22500. 

5. 

41!. 

415. 

950. 

l.bO 

10. 

1.00 

7.3 

2                     6 

12530. 

c  ^ 

140. 

600. 

too. 

1.60 

12. 

1  .CO 

t.O 

2                  7 

VCIO. 

45. 

630. 

630. 

0. 

1.60 

-2. 

1.00 

4.3 

2                  1 

5000. 

I , 

275. 

7i5  . 

1300. 

t.6U 

-.). 

1.03 

V.3 

2                  I 

150no. 

IC. 

555. 

4*5  . 

990. 

l.uO 

-10. 

l.PO 

U.O 

3                 11 

12009. 

Ij. 

295. 

255. 

753. 

1.70 

-10. 

1.00 

U.3 

3                 11 

25000. 

lb. 

1095. 

l^>55. 

". 

1.7l> 

-2. 

1.00 

11.3 

3                 15 

600". 

t. 

540. 

450. 

300. 

l./O 

-5. 

1.90 

15.0 

'                 14 

10010. 

«, 

270. 

2  70. 

740. 

1.70 

-5. 

0.90 

4.0 

4                    16 

!7C0n. 

37. 

5">0. 

jon. 

50H. 

1.50 

-5. 

0.5P 

li.3 

4                      17 

15000. 

i;. 

550. 

450. 

0. 

1.50 

-5. 

0.90 

1J.3 

*               20 

16030. 

fl. 

335. 

335. 

2370. 

1.50 

1. 

0.80 

4.3 

5               21 

3CC0n. 

1!. 

1170. 

1170. 

ZOO. 

1.50 

4. 

0.80 

y.«r 

5                  '2 

6000. 

2. 

170. 

170. 

2820. 

1.50 

4. 

1.00 

5.0 

5               23 

105000. 

35. 

770. 

720. 

150. 

1.50 

6. 

l.OC 

3.0 

R1 
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•««•»*••«*•  ALL  SKlOOtRS  WORKING  TOGfTHER  ••••••••••• 


tatti 

rtlllMUH 

l«4*l>1U>< 

CYCLE 

NUM'*E° 

SKIO 

4REA 

LANOING 

L4N0ING 

METHOO 

MtlHOu 

METt-GD       LINO       *«■=»       ■'.KIO         VOLUf^E 

vCLufe 

T  IMS 

OH 

Ti  ME 

SKICeiNG 

SKICOINC 

SKIDOING 

SKinOING 

^KlUOING 

NO            NC)            NO 

1                1                1 
1                1                 1 
I                I                 1 

mr     SKI  OOF  0 

1  '.10.  n 

2  460.0 

SKIDJEO 

400.0 
460.0 

MRUTES 

1».91 
16.51 

CYCLES 

163. 
141. 

HOURS 

51.21 
38.89 

HOURS 
22.10 

HOURS 

CCSTS 

HOURS 

tUSti 

I                 I                ? 

1               ASI..! 

450.0 

?2.45 

156. 

84.  1  3 

1               I               2 

2             470. 11 

470.0 

27.21 

149. 

6?.':4 

I               I               ? 

37.46 

1                  1                  "V 

1           4sn,T 

450.0 

42.81 

"■9. 

t3.42 

I             1            ■> 

2            <.7i:.0 

470.0 

35.43 

55. 

50.25 

I              I              *» 

26.04 

I              I              ^ 

I              -.50. T 

450.0 

50.71 

50. 

48.93 

1            I            s 

2            4  70." 

4  70.0 

47.<:7 

43. 

36.27 

I                 \                ^ 

21.47 

I                I                 7 

1               460.-1 

460.0 

40. C5 

196. 

130.59 

1                1                7 

1                    1                    7 

'              SOO.O 

5OU.0 

33.49 

IHO. 

100. 4H 

56.79 

I                    I                   ^ 

I               400.0 

403.0 

f  4.21 

10. 

10.70 

1                    1                    1 

2              421.0 

420.0 

52.32 

10. 

0.58 

I                    I                    1 

4.  70 

1                    1                   T 

1               "^lO.O 

510.0 

57. f  ) 

'9  , 

28.23 

I                  I                 9 

2            550." 

i50.0 

47.71 

27. 

2  1.69 

1                  I                 '^ 

12.27 

1             1           u 

I          1        l> 

1  460.0 

2  490.0 

46U.0 
490.0 

76. 4H 
62. SS 

26. 
24. 

J3.25 
25.71 

■ 

I               1             13 

14.50 

I               1             U 

1            500.0 

500.0 

102.74 

46. 

62.19 

I               1             U 

2            5  20.0 

520. U 

84.20 

46. 

64.91 

1               1             11 

36.27 

1               1            12 

1            450.0 

450.0 

121.83 

:'6. 

72.23 

I               1             12 

2             490.0 

490.0 

101. r6 

33. 

55.00 

I               1            12 

31.22 

I               1            13 

1              450.0 

450.0 

13'-.69 

60. 

136.69 

I             1           n 

2             490.0 

490.0 

112.57 

55. 

103. 3R 

I               I             13 
1               1             1'. 

I             450.0 

450.0 

148.72 

?3. 

32.34 

56.86 

1               1             K 

2             490.0 

490.0 

121.35 

31. 

61.91 

I               1            l"- 

35.  34 

1           1         le 

1             450.0 

450.0 

131.56 

58. 

126.69 

I          1        1' 

2             490. C 

490.0 

ire. 37 

53. 

55.34 

• 

1          1        11 

!4.56 

1          1        ?1 

1            450.0 

450.0 

120.20 

67, 

133.56 

1               1            21 

2              490.0 

490.0 

98.73 

H. 

100.75 

I               I            21 

57.43 

I               I            22 

1              450.0 

450.0 

117.11 

13. 

26.03 

I               1            22 

2              49C.0 

490.0 

95.19 

12. 

15.43 

1               1            23 

11.12 

1               1            23 

1             450.0 

450.0 

128.61 

233. 

500.16 

1               1            23 

2            490.0 

490.0 

10«.,40 

214. 

372.85 

I               I            23 

213.61 

695.75 

28769.13 

695.75 

2S769.13 

k**< •«»•••«•«*•••**« 
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ftETHOn 

LUNO 

iRca 

NO 

NO 

NC 

2 

1 

I 

2 

I 

1 

1 

1 

1 

3 

I 

3 

1 

3 

1 

4 

1 

4 

I 

4 

1 

? 

5 

2 

5 

2 

5 

2 

6 

7 

*• 

2 

6 

2 

7 

2 

7 

2 

7 

2 

8 

3 

it 

2 

1 

2 

9 

2 

9 

2 

9 

2 

10 

2 

10 

2 

to 

2 

11 

2 

11 

2 

11 

2 

12 

2 

12 

2 

12 

2 

n 

2 

13 

2 

13 

2 

14 

2 

14 

2 

14 

2 

IB 

2 

IS 

2 

1« 

2 

21 

2 

21 

2 

21 

2 

22 

2 

22 

2 

22 

2 

23 

2 

23 

2 

23 

2 

2 

MINIMUM 

Kia 

VULUME 

NO 

SK  lonro 

I 

400. 0 

? 

160.0 

1 

450.0 

7 

470.0 

1 

45O.0 

2 

470.0 

I 

400. 0 

2 

420.0 

1 

400. 0 

2 

420.0 

1 

460.0 

p 

500.0 

1 

400.0 

7 

420.0 

1 

510.0 

2 

5  ^''l .  0 

I 

460.0 

-' 

490.0 

1 

500.0 

2 

5  20.0 

1 

450.0 

> 

490.0 

1 

450.0 

7 

490.0 

I 

450.0 

7 

400.0 

1 

450.0 

2 

490.0 

1 

450.0 

2 

490.0 

1 

450.0 

2 

490.0 

1 

450.0 

2 

450.0 

f4>IMU<4  CYCLE       MU'^IE'! 

VOLUfE  TIME  0^ 

SKIDJEU       MIKUTES       CYCLES 


400.0 

17.19 

163. 

460.0 

15.12 

141. 

450.0 

27.00 

128. 

470.0 

23.96 

122. 

450.0 

40.^3 

59. 

470.0 

33.93 

35. 

400.0 

28.95 

56. 

420.0 

24.(2 

54. 

400.0 

19.55 

31. 

4  20.0 

17.05 

30. 

460.0 

21  .61 

196. 

500.li 

18.14 

lap. 

400. J 

2e.39 

11. 

4  20.1' 

74.26 

10. 

510.0 

30.36 

29. 

5  50.0 

26.17 

27. 

460. U 

34.21 

26. 

490. J 

29.22 

24. 

500.0 

45.4.1 

48. 

520.0 

38.22 

46. 

4  50.0 

53.58 

36. 

490.0 

45.66 

33. 

450.0 

67.09 

60. 

490.0 

73.  10 

55. 

450.0 

110.71 

33. 

490.0 

91.73 

31. 

450.0 

50.99 

58. 

490.0 

42.61 

53. 

450.0 

74.66 

67. 

490.0 

62.47 

61. 

450.0 

58.8' 

13. 

490.0 

48.47 

12. 

450.0 

82.00 

233. 

450.0 

66.70 

233. 

AREA 

SKIO 

Tl-f 

HOURS 

46.57 
35.62 

57.49 
46.32 

t0.o4 
48.13 


27.14 

21.99 


10.  18 

P. 46 


70.47 
56.32 


4.73 
3.'J5 


14.86 
1  1.B9 


14.67 
1  1.93 


36.32 
29.40 


3  1.75 

24.85 


87.09 
67.  14 


6  1.50 
46.80 


49.10 
37.36 


82.96 
6  3.  74 


13.07 
9.39 


318.39 
259.37 


•  >•>»«*•«••  4LL     SKKiOtRS    WORKING  TOGETHER    ••••••»»<■•• 

AREA  LANJlNG           LANOU'G                 METHOD                   MtlHCu 

SKIOOING  SKICniNG       SKIDDING          SKIOOING            SnIUOING 

HOURS  HOURS               CCjSIS                  HOURS                    i,USt» 


20.18 
2  5 .  80 
26.83 


72.82  3011.06 


364.33       15065.10 


KO 


437.15  111076.16 


NO 


l«tllj        /IBCJ 


IK  10  VtilUMF 

m.1     SKI  one  n 


fiXIMU"  CVClf        NU'^'^E''        «»r:*SKIll 

vCLUHE  iiME  n^  ii«E 

SKlOJEU   hlKUIES   CYCLES      hOUBS 


•  ••••••••  tn    SKii.otos  .usKiNG  rccriHEa  »«••««...•• 

•  »EA            LtN'jING         LtNUING  xEtHOO                 HflllCD 
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85 
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56 
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31 
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30 
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10 
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10 
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?9 
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27 
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26 
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24 
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46 
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13 
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12 
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24 
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21 
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16 
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60 
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34 
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31 
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36 
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33 
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61 
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56 
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13 
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12 
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9.21 
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22.39 
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25.82 
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AVEPAGE 
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SKIDDING 
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»  2  0.^0 

1  1  0.95 

3  2  -i.?*) 

3  3  O.OS 

♦  »  0.9S 

*  »  O.in 

4  3  0.«5 
4  4  9. iO 


••••♦  ALL  TRUCKS  WOPKING  TOGETHER  ••••• 
CYCLE     MUMeER      TRUCK      LANDING    LANOING      METHOD      METHOO 

METHOD  LANOINC    TRUCK     TIME         OF       TIMF     TRUCKING   TRUCKING    TRUCKING    TRUCKING 

NUMBER  NUMBER   NUMBER    HflURS      LUAOS      HOURS        HOURS       C(JST       HOURS        COST 

1  1        I     2.62              315.3     869.62 

1  I        2     2.93      283, «     830. t; 

I  1                                              «29.56  17182.48 

1  429.96         17182.46 

2  I  1            2.82                90.3           254.74 
2  I                   2           2.93                 fel.i           237.85 

2  I                                                                                                            123.00      4^20.10 

2  2                    1            2.99               225. J            672.74 

2  2                   2            3.10              202.5           628.12 

2  2  324.83    12993.30 

2 

3  I  I     2.32       90,3     254.74 
3  1        2     2.93       81.3     237.65 

3  I                                            123.00   4920,10 

3  2        I     2.'»9       90.0     239.20 

3  2        2     I.IO       72.0     223.33 

3  2                                              115.50   4619.34 

3  3        I     3.10      145.0     449.80 

3  3        2     3.22      130.5     419.^5 

1  3                                           217.18   8687.21 

3  455,68    18227.16 
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2.93 

2.99 
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*  I 

*  I 
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4  2 
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*  3 

*  3 
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*  4 
4  4 

*  ♦  1E7.60      7504.20 
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81.3 

237,85 
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72.0 

223,33 

28.9 

89,61 

26,0 

83,67 

116,1 

368.55 
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CODE 

1- 

ROAD    H<t 

2» 
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3- 
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4> 
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1 

3 

UPPER 
BOUND 
VALUE 
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600. 
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5ENSITIvnv     /INaLVSlS 

MHTf:     vmiAflL'=    CPDE    MUHeEPS    I'SEO     IN    SENSITIVITY 
/iNHLVilS    4PE    NOT    FASV    TC    CnP.fl£L4Tt     kill-    r-LTOLT 
CCL'/MMi    ANO    RC;HS    FRDf    LF    MATRIX 

USERS     FAMILIAP    WITH    IP    SHOULD    MOKE    CHANGES     IN 
INPUT    COSTS     (CJ)     ANO    "ESCU'CE     LIMITS     (EJ)     TO 
BECO^'E     PA'MLU"    WITH    THE     SENSITIVITY    ANALYSIS    AS     IT 
APPLIES    TO    THE    CPNVEy-ISCC-JAM-MEIriCC     FrPMLATIQ-J 
LSFT     I"'    L-'i-S-T 


SHADOW    PPircs    ABE    CHAMj"^     in    nnjECTIVE    FUNCTlCli    VALUE     PEP    UMT    CKNCE 
]t^    PIGHT    HANO    SIHE    CONSTRAINTS. 

PENALTY    r.nSTS    AR":    rHA\-,r     IN    OBJECTIVE    FUNCTICN    VALUE     FEP    UMT 
INCREASF     IN    NON-OASI'-     VARIABLES. 

ft/iNOFS    CN    CU)     REPKEStNT    I    IMJTING    VALUES    GF     COST     COEFflCIEKTS    THAT 
WILL    MCT    GHMGC    the    CPTIITJM     <:CLUT10'J 


PANGFS    C\    °(II     RFPRc^cf^T     LI'MTING    VALUES    C  F    KICK'     FANO    SIHE    CE  N  S  I P  Ai '!T  S 
THAT    WILL     NOT    EHAMG-     U''TIMLM    PASIC     VAPIAELES. 
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LFWFP    LIMT 


10 

11 

12 
1) 
lA 
15 
17 
2 
3 


67.?«? 
6'i.«26 
7i.2tO 
".1.  3  50 
<.!).JCO 
27.0S3 
^  2  .  7  S  >; 
Ihf-b.bt  3 


RANGES    CU    BASIC    CI  Jl 
VARl  181   E 


lC'-<Fi;     LIMIT 


UP'MP     L  I"  I  I 


16 

11 

1 


-38'^'i'i.tJ5i3 
-22.267 

-'i'li.b'i'i 

-AA. 125 

-6^3.'.  35 

-71.>j32 

-7',.dt  1 


I  5353.  ?iJO 
3r;,',  (,6 

<)q<;Tj  ( .nos 

2f.'.  i.5S0 

I  1  2  <i .  (:  2  3 

1 7377. PIO 

O.COO 

-13.0^3 


RANGES  CN  Bill 


LTtaCP  LIMIT 

56  7.5nO 
27<..  I  2'. 

-<;<;<)7<>9.ccn 

50'i.2  1"3 

-9S'",9';S.  oou 

-o.c  on 

1  .000 
2'"..  12-. 
5i;'i.2ly 


UFPFP  LIMIT 

567.500 
13  2.51)1 
1.S23 
501.99ri 
A40.3<*2 

-o.or.n 

1  !'.501 
<W9';9'S.C0C! 
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Appendix  8— L-O-S-T  Program  Listing 


00100 
00200 
00300 

OlWOO 
00500 
00600 
00700 
00800 
00900 
01000 
01100 
01200 
01300 
01400 
01500 
01600 
01700 
01800 
01900 
02000 
02100 
02200 
023C0 
02400 
02500 
02600 
02700 
02800 
02900 
03000 
03100 
03200 
03300 
03400 
03500 
03600 
03700 
03800 
03900 
04000 
04100 
05200 
04300 
04400 
04500 
04600 
04700 
M800 
04900 
05000 
05100 
05200 
05300 
05400 
06500 
06600 
05700 
06800 
06900 
06000 
06100 
06200 
06300 
06400 
06500 
06600 
06700 
06800 
06900 
07000 
07100 
07200 
07300 
07400 
07500 

07600 
07700 
07800 
07900 
08000 
08100 
08200 
06300 
08400 
08500 
08600 
08700 


//LOST         JOB  (UFS26J(,153),'K0GEH',tOTIFY=0FS26JC.I«GCLASS=A, 

//  ^6aEVEL=(l,l) 

/•WXJTH  PRINT  LOCAL 

/♦J06PARM  T=21,L=4a< 

//    EXEC  WATf  IV 

//WTFIV.SVSIN  DO  * 

/JOB  KOGER.PAGES=50,S=1000000,TM=25 

DIftreiON  DZRrt'(5).0ZREF(5),0ZI«;(5),SKDH'(10),9<DMT(10), 
13<DEF  ( 10)  .SKDHCdO)  ,TXTENW(  10)  ,]XUNW(  10) , 
2TKTEW0(  10)  .TKTIWD(IO)  .TKFTPC(ID)  ,TKEF  ( 10)  .TKVa(  10) , 
3TKH:(10) ,ILAND(10) ,ATITLE(16). 
4If«S8M(20)  ,JNIWEA(4,10)  ,DSFTB(4,10) 
DI^tNSION  /\R£AV(4,8,25),PfiEAA(4,8,25)^£AI<N(4,8,25), 
l;«EAMX(4,8,25)  ,flREAFD(4,8,25)  ,«EACF(4,8,25) . 
2«EATS(4,8,25),«EADI(4,8,25)./«EAFT(4,8,25), 
3V0LM(4,10)  ,\aBM(4)  ,TKTCF(4,10) 
4,/lREA(4,8,25),\am(4,10),/!CRBM(4) 
5,ASKD8l.(4,8)  ,FSKDeL(4,8),WSKD6L(4.8)  .ASKD8M(4) , 
6FSKDeM(4),WSKDeM(4) 

DINEN5I0NL0a^T{ll,2O),SLIM(lO,lO,14),SUMtT(2,5O),CI(25) 
03m)NC(25),P(25),CMZ(25),A(25,25),ZJ(25),IV/«(25).P00ST(25) 
l,SHft00(25),a(25),CU(25),QP(25),a0(25),BUP(25),BL0(25) 
2,B(25),a:{25),JV/«(25),IARR(4),PR0P(4).RC(4),LD(4),9((4), 
3TK(4) 
REAL  L0G^ET,LD,LA^0MC 


08800 

06900 

09000 

09100 

09200 

09300 

09400 

09500  CJ< 

096U0  CJK 

09700  CJK 

0980U  CJK 

09900  CJK 

10000 

10100 

10200 

10300 

10400 

105C0 


11X,'OOZERS=',2X,I3,/,2X, 'NUMBER  OF  SKI0OERS=' ,2X,I3./. 
24X,'NU^EER  OF  TRUCKS=',2X,I3) 

W<  ITKKW,  125 )  ILPANA,LPCDE ,  ICTRAT 
125  F0RMftT(4X,'LP  AfWLYSIS  C00E=',3X,I2,/,6X,'LP  OUTPUT  030E= 
13X,I2,/,2X,'#USER  C0NSTOINTS=',3X,12) 

f+=ICTRAT+5 

f«=fl€TH+ICTRAT+10 


ZERO  OUT  «EA  WLLTt  ARRAY 


00  150  1ZAVM=1,I»ETH 

DO  140  IZAVL=1,8 

DO  130  IZAVA=1,25 

AR£AV( IZAVM, IZAVL , IZAVA)=0.0 
130  CONTINIE 
140  CONTINUE 


CJ<  COGENT  CARDS  BY  JERRY  KOGER 
CWC  COM€NT  CARDS  BY  W(CE  Ca\£R 
C      COt€NT  CARDS  BY  RAVINWAN,  ETC. 


L-O-S-T  IS  DIVIDED  INTO  2  SEQIONS;  THE  FIRST  SECTION 
CALCULATES  LOGGING  COSTS  AND  THE  SECOND  SECTION  USES 
T>£S£  COSTS  AS  IfPUT  FCR  TVC  LirEAR  PROGRAM 


MMMMM     ^rrririM   1      iHHtltlHt§§#1HHHt1HHHHHHHHHHHHHt 
nwlHtWwIfl'Ww      OLUIIUII    a      ititwiflfltltwitltnifwwirwirwiiuiin  ffUIJ  uu 


CTRAD  CONVERTS  DEGREES  TO  RADIANS;  CTDEG  CONVERTS  RADIATE 

TO  DEGREES;    KR=5  FOR  READ 

READ(KR,YY);  KW=6  FCR  «ITE    WRITE(KW,ZZ) 

CTRAD  =  0.01745329 
CTDEG  =  57.29578 
KR=5 
KW  =  6 


CJK  CONPTB=CONVERSION  POINDS  TO  BOARD  FEET.VALIf  CF  0.11951 
CJ<  T*EN  FRCM  TVA  TECHNICAL  fOTE  846,  1982  BY  JERRY  KOGER 
OK  "LOG  LWDING  l€THOOS  AND  COSTS  IN  THE  TEffCSSEE  VALLEY 

REGION      PAGE  20 

CON6TB=CONVERSI0N  FRCM  BOARD  FET  TO  BOWD  FEET  1/4  INT 

C0NCT8=C0NVERSI0N  FROM  CCRDS  TO  BOWD  FET 

CONOTB^  CONVERSION  FROI  CUBIC  FEET  TO  BQORD  FEET 
T>tSE  CONVERSIONS  ARE  ONLY  USED  IN  SKIDDING  Tift  EQUATIONS 


OONPTBO.  11951 
CONeTB=1.0 
QXTTB  =687.2746 
aiNUTB=5.7947 


CJK 
OK 
CJ< 
CJK 
CJK 


******  CARD  TYPE  1 


READ(KR,70)  (ATITLE(ITR),nR=1.16) 
70  FQRM(\T(16A4) 

WITEWW.aO)  {ATnLE(ITW),nV(=l,16) 
80  F0RMftT(lHl,/,2X, 'TITLE  L-O-S-T    RIK=',4X,16A4) 


**■****»  c«D  TYPE  2  ■ 


*iM********Jr  ***-#***** 


CJK 

OX 

CJK 

CJK 

CJK 

CJK    rfETH=#  (F  rCTHOOS;  NDZR=#CF  DOZERS;  NSKD=#  CF  SKIDDERS; 

CJK    NTRK=  #  CF  TRUCKS;  ICTRAT=#  OF  USER  SUPPLIED  CONSTRAINTS 

CJK    FCR  LP  ANALYSIS;    LPa)E=LP  OUTPUT  MATRIX  DEBUG  OOCE 

CJK 

R£AD(KR,90)l#€TH,NDZR,r6KD,Nn«,ICTRAT,ILPANA,LPCCE 
9OF0RMftT(I2,lX,I2,lX,I2,lX,I2,lX.Il,lX,Il,lX,Il) 

V«IlE(KW,100)tfETH,feZR,r6KD,NTRK 
100  FCRMl\T(3X.' NUMBER  OF  ltTH0CS=',2X,I3./.4X,'Nl>BER  OF', 


10600      150  CONTINUE 

10700  CJC 

10800  CJK 

10900  CJK 

11000  CJK 

11100  CJK 

11200 

11300 

11400 

11500 

11600 

11700 

11800 

11900 

12000 

12100 

12200 

12300 

12400 

12500 

12600 

12700 

12800 

12900 

13000 

13100 

13200 

13300 

13400 

13500 

13600 

13700 

13800 

13900 

14000 

14100  CJK 

14200  CJK 

14300  CJK 

14400  CJK 

14500  CJK 

14600  CJK 

14700  CJK 

14800  CJK 

14900  CJK 

15000  CJK 

15100  R£AD(KR,200)IlHIT,HflRva,PR0CPC.SY5l«;,CFTBTM 

15200      200  FCRWT(U.lX,F10.0,lX,F7.2,lX,F7.2,lX,F5.1) 

15300  F(IUNIT.EQ.l)l«nE(KW,2S0)HARva 

15400     250  FCRMAT(2X, 'HARVEST  \ai>E=',22X.F11.0,2X,'POUNDS') 

15500  IF(IUNIT.EQ.2)W^ITE(KW,300)HHRVa 

15600      300  F0RMAT(2X, 'HARVEST  vaiit=',22X,F11.0,2X,' INT.  BQORD  FttT') 

15700  IF(HMT.E0.3)WITE(KW,350)HflR\a 

15800      350  F0RMftT(2X, 'HARVEST  vaL«=' ,22X,F11.0,2X.'CUBIC  FEET') 

15900  F(IlMT.E0.4)W?ITE(KW,36O)HARVa 

16000   360  F0RmT(2X, 'HARVEST  vaLr€=' ,22X,F11.0,2X,'0»DS') 

16100     kRnE(KyJ,400)PROCPC,SYSm;,(FTBTM 

16200      400  FCRMftT(2X,'PRIC£  IN  SELLING  UNITS  (S)=',15X,F8.2,/,2X, 

1&300  1 'HOURLY  LANDING  MOVE  COST  ($)=' ,13X,F8.2./.2X, 

16400  2'DISTANCE  F«OM  WOODS  EDGE  ID  Mia  (MILES)='.2X,F6.U 

16500  kfiITI(KW,450) 

16600      450  FCRMAT(/,2X,29('*'),/,2X,'D0ZER',2X,'00ZER', 

16700  13X, 'DOZER', 3X, 'HOURLY', /,lX,'NUf«ER',5X, 'HP', 3X,'EFFIC', 

16800  25X,'C0Sr',/) 

16900  DO  475  IDL0O=l,rfETH 

17000  IF(HmT.E0.1)L0(?tT(l,IXOO)=-H<lRWL/2OOO.O 

17100  lF(llMT.EQ.2)LOG^tT(l,I100)=-^«RVa/1000.0 

17200  IF(ILNIT.E0.3)LOGItT(l,IDLOO)=-tWVa/100.0 

17300  IF(IUNIT.E0.4)LOGT€T{1,IDLOO)=-H«RWL/1.0 

17400    475  continue 
17500         *ozh:=o.o 


ZERO  OUT  SELECTED  ARRAYS  USED  IN  LP  SECITDN  OF  LOST 

00  170  IDL21=1,25 

00  160  IDL22=1,25 

A(IDL22,IOL21)=0.0 
160  CONTINUE 
170  CONTINUE 

DO  185  IZ0UT1=1,11 

DO  180  IZ0UT2=1,20 

LOGr€T(IZOUTl,IZOUT2)=0.0 
180  OINTINUE 
185  CONTINUE 

DO  190  IZ0aT>l,25 

CI(IZOUT3)=0.0 

C(IZ0UT3)=0.0 

P(IZ0UT3)=O.O 

CMZ(IZOUT3)=0.0 

zj(iza;T3)=o.o 

IVAR(IZ0UT3)=O.O 

PC0ST(IZ0UT3)=0.0 

SHAD0(IZ0UT3)=0.0 

a(IZ0UT3)=O.0 

CU(IZOUT3)=0.0 

CUP(IZOUT3)=0.0 

aO(IZOUT3)=0.0 

BUP(IZOUT3)=0.0 

BLO(IZOUT3)=0.0 

B(IZOUT3)=0.0 

a:(izouT3)=o.o 

JVAR(1Z0UT3)=0.0 
190  CONTINUE 


CARD  TYPE  3 


HHIT4JNITS  CODE  FCR  BOftRD  FEET  00RD5,  ETC;  HflRWL= 
vautt  HARVEST;  PROCPC=PROOUCT  SELLING  PRICE; 
SY5m;=5ySTEM  move  hourly  OOST;  DFTBTM=0ISTANCE  IN  MILES 
FROM  TRACT  BOUNOORY  TO  MILL 


57 


17600  DO  600  IDL01=1,NDZR 

17700  CJK 

17800  CJK 

17900  CJK  ""'""""""CARD  TYPE  4 

18000  CJK 

1810O  CJK 

18200  CJK    DZRPH(  )=OOZER  HORSEPOWER;  DZREF(  XOZER  EFFICEINCY; 

18300  CJK    DZ(»1C()=00ZER  HOURLY  COST;  3«ZHC=6D0ZER 

18400  CJK    HOLRLY  COST 

ISbOO  CJK 

18600  READ(KR,500)DZRHP(II101),DZREF(IDL01),DZRHC(IDL01) 

18700      500  F0R^WT(F4.O,lX,F4.2,lX,F6.2) 

18800  3«ZHC=S«)ZHC+OZRHC(II101) 

kfiITE(KW,550) IDLOl .DZRH'l  IDLOl ) .DZREF ( IXOl ) .DZRHCdOLOl ) 
550  FORMAT! 4X,I3,2X,F5.0,3X,F5.2,2X,F7.2) 
600  CONTINUE 

W^1TE(KW,650)SMDZHC 
650  FCRMAT(/,2X,29('*'),/,23X,F8.2) 

tf!nH(KW,700) 
700  F0RMftT(2(/),2X,51('*'),/,46X,'SKID0ER' 
12X,'SKICDER',6X,'SKID0ER',3X,'SKIDDER' 
2'SKI(I1ER',5X,'H01ELY',/,3X, 'NUMBER', 3X, 
3'fCRSEP0WER',4X,'tfIGHT',4X,'EFFIC',8X,'COST',/) 
3«(KO.O 
DO  850  IDL02=1,^5KD 


,2X, 


18900 

19000 

19100 

19200 

19300 

19400 

19500 

19600 

19700 

19800 

19900 

200O0 

20100  CJK 

20200  CJK 

20300  CJK 

20400  CJK 

20500  CJK 

2U600  CJK    3<Drt'()=SKIDDER  HORSEPOWER;  SK[WT()=SKID0ER  VEIGHT; 

20700  CJK    3<DEF()=SKID0ER  EFFICIENCY;  3«HC=SLM  OF  ALL  SKICOERS 

20800  CJK    HOURLY  COSTS 

20900  CJK 


»>*«.»»»  c/v^  TYPE  5  ** 


21000 
21100 
21200 
21300 
21400 
21500 
21600 
21700 
21800 
21900 
22000 
22100 
22200 
22300 
22400 
22500 
22600 
22700 
22800 
22900 
23000 
23100 
23200 
23300 
23400 
23500 
23600 
23700 
23800 
23900 
24000 
2410O 
24200 
24300 
24400 
24500 
24600 
24700 
24800 
24900 
25000 
25100 
25200 
25300 
25400 
25500 
25600 
25700 
25800 
25900 
26000 
26100 
26200 
26300 
26400 
26500 
26600 
26700 
26800 
26900 
27000 
27100 
27200 


READ(KR  ,75O)SK0tf'(  IDL02)  ,SKDWT(  1CL02)  ,SKDEF  ( IDL02) 
1,SKDHC(IDL02) 
75OF0RMAT(F4.O,lX,F6.0,lX,F4.2,lX,F6.2) 
3«HC=SMSKHCt9CDHC(  IDL02) 

kRITE{KW,800)  IDL02,SKl>f  (IDL02)  ,SKDWT(  1X02)  ,SKDEF(  IDL02) , 
19CDHC(IDL02) 
800FORMAT{5X,I5,7X,F6.0,2X,F8.0,1X,F7.2,5X,F7.2) 
850  OONTINUE 

W<ITE(KW,900)SMSKHC 
900  F0RMAT(/,2X,51('*' ),/,45X,F8.2) 

W^ITE(KW  950) 
95OF0RMAT(2(V),2X,78('*')/,9X.'**  (ON-VCOOS  **', 
13X, '*****  WOODS', 

21X, '****' ,/,9X, 'TRAVEL' ,3X, 'TRAVEL' ,3X, 'TRAVEL' ,4X, 
3 '  TRAVEL '  ,3X , 'F IXEO ',/. lOX ,' E^PTY ' ,3X ,' LOADED ' ,4X, '  E^PTY ' , 
44X, 'L(»OEO' ,4X, 'Tilt '  ,14X, 'CYaE '  ,4X, 'TROCK' ,/,2X, 
5'TRUCK '  ,3X,  'SPEED'  ,4X,  'SPEED'  ,4X, 'SPEED'  ,5X, 'SPED' , 
65X, 'PER' ,3X, 'Tl^UCK '  ,6X, 'TKOCK '  ,3X, 'HOURLY' ,/, IX, 
7'NUMeER'  ,5X,'hfH'  ,6X,  'M^'  ,6X,'I4^'  ,7X,'^PH'  ,4X,'LCftD' , 
83X,'EFFIC',5X,'V0LLr€',5X,'COST',/) 
3ffl<HC=0.0 
DO  1100  IDL03=l,Nra< 
CJK 
CJK 
CJK 
CJK 
CJK 
CJK 
CJK 
CJK 
CJK 
CJK 
CJK 
CJK 
CJK 
CJK 
CJK 
CJK 


CWD  TYPE  6    """" 


********* 


TKTEMJ()=TROCK  TRAVEL  SPEED  EMPTY  OVER  NON-WDOOS  ROUD 

^K^l^w(  )=truck  twvel  speed  ionjeo  over  ndn-wdods  rwd 

TXTEWD()=TRUQ<  TRAVEL  SPEED  EMPTY  OVER  WOODS  RWO 
TXTLWD(  )=TRUCK  TRAVEL  SPEED  LCWCED  OVER  WD0C5  RCWD 
TKFTPC()=FIX£D  Tift  PER  TRUCK  CYaE  IN  MINUTES 
TK£F()=TRUO<  EFFICIENCY  (IE  0.80) 

TKva()=TRucK  vaL^E 

TRAVEL  SPEEDS  ARE  IN  MPH 
3m<HC=SLN  OF  Aa  TPUCKS  HDLRLY  COST 


R£AD(KR ,  1000)'n<Tl^W(  IDL03)  ,TKTl^W(  1103)  ,TXTEWD{  IDL03) , 
nXTlWD(ia03)  ,TKFTPC(  IDL03)  ,TXEF(  1X03)  ,TXva(  IDL03) , 
2TKHC(IX03) 
1000  F0HMftT(5(F4.1,lX),F4.2,lX,F10.2,lX,F6.2) 
9flXHC=SMIKHC+lKHC  (I  X03) 
W^nE(KW,1050)IX03,TKTErW(IX03),TKTlNW(IX03), 
nKTEW0(  1X03)  ,TKUW0(IX03)  ,TKFTPC(IX03)  ,TXEF  (1X03) , 
2TKVa(IXU3),Tl<HC(IX03) 
1050F0RMftT(2X,I4,3X,F6.2.3X,F6.2,3X,F6.2,4X,F6.2.2X,F6.2,2X, 

1F6.2,1X,F10.2,2X,F7.2) 
1100  GMINUE 

W^ITE(KW,1150)SMTKHC 
1150  F0RMftT(l(/),2X,78('*'),/,71X,F8.2) 

WITE(KW,1175) 
1175  F0RWT(1H1,/,2X,26(  '*'  ),/,12X,  'NUrffR'  ,4X, 'NUMBER' ,/, 
12X,  'ItTHX)'  ,6X,  'Rtt\D'  ,8X,  'OF '  ,/,2X,  'NUMBER '  ,2X, 
2'SE(3t  NTS', 2X, 'LANDINGS',/) 
DO  1250  1X04=1,  UtTH 
CJK 
CJK 

CJ<    ««******»»**  CARD  TYPE  7    *"""""«*««****«******* 
CJK 
CJK 

CJK    I^E^>^=^ETH00  NIMBER;  IRDS£G=NU^BER  OF  ROftO  SE(^ENTS 
CJf.    FCR  TWIS  METHDO;   ILAND(  )=  NUMBER  OF  LANDINGS  FOR  THIS  ItTHDD 


27300  CJK 

27400  READ(KR,1200)IftT>H,IRDSEG,ILAND(IX04) 

27500    1200FORMAT(I1,1X,I2,1X,12) 

27600  If«SBM(lX0!|)=IRDSE6 

27700  tRnE(KW,1225)INET>H,IRDSE6,ILAND(IX04) 

27800    1225  F0RMAT(4X,I4,6X,I4,6X,I4) 

27900  1250  CONTINUE 

28000     W^ITE{KW,1275) 

28100  1275  FCRMAT(/,2X,26(' *'),//) 

28200     W^nE(KW,1300) 

28300  1300  F0RMAT(2(/),2X,43('*'),/,22X,'NU^BER',/, 

28400     12X, 'NETTOO' ,3X, ' LANDING' ,2X,6X, 'OF ' ,5X, '(*XIMLM  AREA' ,/, 

28500     22X,'NUMBER',4X,'NIWEER',5X,'AR£AS',5X,'C0CE  NUMBER',/) 

28600    1325  CONTINLE 

28700  CJK 

28800  CJK 

28900  CJK 

29000  CJK 

29100  CJK 

29200  CJK 

29300  CJK 

29400  CJK 

29500  CJK 

29600  CJK 

29700  CJK 

29800  OK 

29900  READ(KR,1350)Jtl,XN,JN<\,JWI 

30000    1350  F0RWT(I1,1X,I2,1X,I2,1X,I2) 

30100  IF(J|«.EQ.0)G0  ID  1400 

30200  JWEA(J»W,iN)=J*N 

30300  WnE(KW,1375)J«,JLN,J*.J«N 

30400  1375  F0RWT(4X,I4,6X,I4,6X,I4,14X,I3) 

30500  GO  TD  1325 

30600  1400  WITE(KW,1425) 

30700  1425FCRMAT(/,2X,43('*'),2(/)) 

30800  W^ITE(KW  1450) 

30900  1450  FQRMftT(2(/),2X,127('*'),/ ,59X,'CUT',3X, 'FILL' ,4X, 'ROW)', 


(^WD  TYPE  8    ******************** 


J*l=ttTH)0  NUMBER;  J_N=LANDING  NOI«R; 

JN«\=  NUMBER  CF  AREAS 

JMi\N=MWIMLN  VALLE  CF  AREA  CODE  NUMBER  ;  IS  T>€  SArt 

AS  JN<\  OflY  IF  AREAS  ARE  COXO  IN  NU^ERICAL  SEQUENCE 


1/,2X, 'MTICO' ,2X, 'SEGftNT' ,3X, 'DOZER' ,5X, 'ROM)' ,3X, 
2'RORD' ,3X, 'R(»D' ,3X, 'S IX ' ,2X, "SLOPE ' ,2X, 'SLOPE ' ,4X, 'TYPE ' , 
34X, 'CUBIC, 

44X, 'ACRES' ,2X, 'SEOtNT' ,2X,'SEGf€NT' ,2X, 'hCTCO' ,2X. 
5'r€T>O0',/,2X,'Nll«ER',3X,'NUMaER',2X,'NlMBER',3X, 
6'If  ICTH' ,2X,'WIDTH' ,2X,'SL0PE' ,2X,'SL0PE' ,2X,'RATI0' ,2X, 
7'RAnO' ,4X, 'COX '  ,4X, '  YWDS '  ,2X, 'CLEARED' ,4X, 'HOIKS' , 
85X, 'COST' ,3X, 'HOIKS' ,4X,'C0Sr' ,/) 


START  X  DO  LOOP  BY  ltI>f»H+t«»D  COICTKXTION  TIftS 


DO  1850  1X05=1, IfETH 

3«)SL=0.0 

3«RDCY=0.0 

3«)NA=0.0 

*R[»«=0.0 

310*1=0.0 

IXBOl=ir«SflM(IX05) 

IXB0P=II«S»I(IX05) 

IF  (IXBOl.EQ.O)  1X802=1 


STWT  X  DO  LOOP  BY  ROAD  SEGrtNT^+tflOU)  CONSTRXTION  TIKES 


DO  1650  1X06=1,  IXBOe 


31000 

31100 

31200 

31300 

31400 

31500 

31600 

31700 

31800  CJK 

31900  CJK 

32000  OK 

32100  CJK 

32200  CJK 

32300 

32400 

32500 

32600 

32700 

32800 

32900 

33000 

33100 

33200  0* 

33300  CJK 

33400  CJK 

33500  CJK 

33600  CJ<, 

33700 

33800  CJK 

33900  CJK 

34000  CJC 

34100  CJK 

34200  OK 

34300  CJ< 

34400  CJK 

34500  CJC 

34600  CJC 

34700  CJK 

34800  OK 

34900  OK 

350CX)  CJK 

35100  REAO(KR,1500)IO\OSL,R(W5W,RQA06P,RQW£S,RQW)CR.ROADFR,R(»mY 

35200    1500  F0RMAT(F7.O,lX,F4.1,lX,F5.O,lX,F5.O,lX,F5.2,lX,F5.2,lX,F5.O) 

35300  IF(IXB01.EQ.0)GD  TO  1700 

35400  IF(RQWBL.EQ.0.0)GD  TO  1700 

35500  Cac    FOLLOWING  EQUAnONS  OQM>UrE  CUBIC  YARDS  OF  EARTH  REHVED 

35600  CJK     IN  ROW)  BUILDING  BASED  («  EQlftTIONS  BY  JHt  K.  BOdVH, 

35700  CJK    ROBERT  B.  MCCREA,  AM)  CARL  L.  FCMCSBECK  "A  hETH)0 

35800  CJK    X  FIELDXSIGN  APPLIED  TD  FOREST  ROADS"  PAGE  194, 

35900  OK    IN:  LOW  VaUrt  RCWOS,  SPECIAL  REPORT  160,  TRANSPORTAHON 

36000  CJK    RESEARCH  BORAD,  lAnONIU.  RESEARCH  OOUCIL,  N^TIONAL 

36100  OK    ACADEMY  X  SCIENCES,  WRSHINGTDN  K,  1975 

36200  CJK 

36300  OK 

36400  (XK 

36500  CJK       S*IKF  HAS  A  VALX  X  0.20  IN  ORDER  10  OBTAIN  Ut  VALXS 

36600  OK       FOR  CUBIC  YARDS  PUD  ACRES  GI*N  IN  THE  4  TH  EDITION  X 

36700  CJK       "ENGI^EERING  FiaD  TABLES"  USDA  FOREST  SERVIX  A,'*  8LM 

36800  GK       JXY  1976,    (EM7100-10) 

36900  OK 


**«****«»*  c/iRo  TYPE  10 


RmD5L=RB\D  SE9tNT  LEfCTH  IN  FET;  RQ«)SW=ROftD 
SElJtNT  WIDTH  ISEG*NT  SLOPE  IN  PERXNT 
X  DIREQION  BUILT;  R(»DSS=«QM)  SEOENT  SIX  SLOPE  IN 
IN  PERXNT;  f<M)CR=fll»D  SEG^tNr  CUT  RATI;  ROAffR= 
ROAD  SEGUNT  FIU  RATIO;  R»UJTY=RQAD  DIFIOJLTY  OOtt 
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37000 
3710O 
37200 
37300 
37400 
37500 
37600 
37700 
37800 
37900 
38U0O 
38100 
38200 
38300 
38400 
38500 
38600 
38700 
38800 
38900 
39000 
39100 
39200 
39300 
39400 
39500 
39600 
39700 
39800 
39900 
40000 
40100 
40200 
40300 
40400 
40500 
40600 
40700 
40800 
40900 
41000 
41100 
41200 
41300 
41400 
41500 
41600 
41700 
41800 
41900 
42000 
42100 
42200 
42300 
42400 
42500 
42600 
42700 
42800 
42900 
43000 
43100 
43200 
43300 
43400 
43500 
43600 
43700 
43800 
43900 
44000 
44100 
44200 
44300 
44400 
44500 
44600 
44700 
44800 
44900 
45000 
45100 
45200 
45300 
45400 
45500 
45600 
45700 
45800 
45900 
46000 
46100 
46200 
46300 
46400 
46500 
46600 


CJ( 


9«IKF=0.20 

HQftDSO  =  ATAN(RQf\D5S/100.0)«CTCEG 

ROMTS  =  ATAN(Ra««R)*CTIIG 

l«WBf=1.00O-(O.014<«CINBP)-(0.00019W«)SP*«»DSP) 

RQADFS  =  ATflN(RQMrR)*CIDEG 

OXC  =  COTAN(RC»DSO*CTTWD) 

PO  =  (DTAN(RQWSO*CTRAD)-ROM)CR 

Al  =  /0*(1+SHRIKF) 

A2  =  COTAN(RCW}SO*CmAD)-RDADFR 

A3  =  SQRT(A1/A2) 

A4  =  RCK\DSW/2.0*(A3-1.0) 

ac  =  A4/(A3+1.0) 

DF  =  ((RQADSW/2.0)-a<)/(C0TAN(RQA0S0*CTRAD)-RQADFR) 

K  =  {BK4flOADSW/2.0)/(COTAN(RC>\DSO*aM))-«QADCR) 

THETA  =  180.0-fiOADCS 

BASEl  =  X/TAN(RC»0SO*CTRAD) 

THETA  =  laO.O-RmOFS 

WEAF  =  (1.0/2. 0)*(RQADSW/2.0)*R(»CFR*SIN(THETA*CIRAD) 

aASE2  =  DF/TAN(RaACSD*CTRAD) 

BASE  =  aASEl*6ASE2 

BASEaj=OC/TAN{RaHDCS*CTRAD ) 

AREAC=(0.5*((ROADSW/2.0)-tfl<*eAS£aj)*a)-{0.5*8AS£aj*0C) 

RDADNA  =  (BASE*1000.0)/43560.0 

RCMXY  =  (flREAC«1000.0)/27.0 

CUBEVD=(flfiEAC*(«ADSL)/27.0 

ACRES=(BASE*R»DSL)/43560.0 

3TOSL=SI*R0SLtHDAC6L 

^WCY=S^RDCY+CUBEYD 

3TONA=SMWA+ACRES 

WDSH=0.0 


CARD  TYPE  11 


START  CF  00  LOOP  FOR  DOZERS-H-HflCftO  CONSTRICTION  TINES 


DO  160U  IDL07=1,NDZR 

SEGROH=HOlKS  TO  BOILD  WIS  RO\D  SEGMENT;  BASED  ON  EQUATION 
BY  JERRY  KOGER  "FACTORS  AFFECTING  THE  CONSTRUCTION  AND 
COST  OF  L0QGIN3  ROADS"    TVA  TEOfllCAL  N3TE  B27,  TEfWESSEE 
VALLEY  AOTVORITY,  NDRRIS,  TO,  37828    PAGE  30,  1978 
EQLWTION  POOIFIED  BY  LATER  ANALYSIS  INTO  DIFFERENT  ROAD 
TYPES...  SEE  FACTOR  RCWDTY  FOR  THIS  ADJLSTTtNT 
RQAaY=  CUBIC  YARDS  CF  EARTH  PER  1000  R  OF  ROAD; 
KMm=  NLMER  OF  OES  OF  aEARED  RIGHT  OF  WAY  PER 
lOOSLOPE  CORRECTION  FACTCR  TO 
PRODUCE  VALUES  GIVEN  IN  FIGURE  22  CF  TVA  TECH  NDTE  B27 


CJK 
CJK 
CJK 
CJK 
CJK 

OK 

ca< 

OK 
CJK 
CJ< 
CJK 
CJK 
CJK 
CJK 
CJK 
CJ( 
CJK 
CJK 

SEGROH=(RQADSL/RQADTY)* 
l(U.524*SQRT(RaADCY/(RCWDSF*DZRHP( IDL07) ) )+ 
212.668*SQRT(RaAmA/(RaADSF*DZRHP(  IDL07) )  ))/DZREF{  IDL07) 
WDSH=SI*DSHt(  1.0/SEGRDH) 
SEGRX=SEGROH*DZRHC  ( I DL07 ) 

W*ITE(KW, 1550)1X05, IDL06,IOL07,ROAC5L,ROADSW,RaADSP, 
lRQADSS,RaADCR,RQACFR,RQADTY,CU6EY0,ACRES,SEGRDH,SEGRK 
155OF0RMAT(4X,I4,5X,I4,4X,I4,lX,F8.0,lX,F6.1,lX,F6.0,lX, 

1F6.0,2X,F5.2,2X,F5.2,2X,F6.0,1X,F8.1,1X,F8.1,1X,F8.1,F9.2) 
1600  CONTINUE 
CJK 
CJK 
CJ< 
CJK 
CJK 
CJ< 


9«]HS=NUMEER  OF  HOURS  TO  BUILD  THIS  ROAD  SEGItNT 
IF  Aa  DOZERS  WORKED  TOGETHER 


3«»IS=1.0/5«DSH 
3*Dm=6l*RDF«t3«[lHS 
5«XS=5M«)HS*3«ZHC 
WDCM=SM<Dm»3«ZHC 

IF  (NDZR.GT.l)WITE(KW, 1625)1X05, 1X06 ,3«3HS,SM?DCS 
1625  Fa«AT(4X,I4,5X,I4,81X,F6.1,F9.2) 
1650  OONTINlf 
1700  ODNTINUE 

IF  (IXBOl  .EQ.O)SmMtO.O 
IF(IXB01.EQ.0)SI«DCM=0.0 
L0a€T(2,IX05)=SM?Dm 
k«ITE(KW,1800)IX05,9«BL,SM«)CY.3«]NA, 
13«>*1,3«X>I 
1800FORMAT(4X,I4,17X,F9.0.43X.F9.1,lX,F8.1,18X,F8.1,F8.0,//) 
1850  CONTINUE 

WITE(KW,1900) 
1900  FaRMAT{/,127('*')) 

W^ITE(KW  1950) 
1950  FaRMAT(lHl,//,2X,127('*'),/,110X,'^CIGHTED',5X,'^E^H00',/, 
119X, 'DISTANCE ' ,3X, 'LANDING' ,2X, 'AVERAGE ' ,10X, 'HOURLY' , 
211X,'LAI€ING' ,3X, 'LANDING'  ,3X, 'SYSTEM'  ,3X, 'SYSTEM' , 
32X, 'BUILDING', 5X,'MJ/E  &' ,/,2X,'ferH0D',2X, 'LANDING', 6X, 
4'FRCM'  ,6X,  'S IZE '  ,6X,  'CUT'  ,3X,  'XZER '  ,3X,  'XZER '  ,3X,  'EF IC ' 
52X,'BUIL0I^G',2X, 'BUILDING', 5X,'M3VE',5X,'M3VE'.2X, 
6'&  MOVING', 4X, 'LANDING', 
6/,2X, 'NUMBER' ,3X, 'NLMER' ,2X,'B0UNQ<«Y' ,5X, 
7'ACRES'  ,4X, 'DEPTH' ,6X, 'HP' ,4X, 'COST' ,4X, 'OOX ' ,5X, 
8'HOIKS' ,6X, 'COST' ,4X, 'HOLRS' ,5X, 'COST' ,5X, 'HOURS' , 
97X,'COST',/) 
CJK 
CJK 


ILDZR=If*'UT  ORXR  NUMBER  CF  DOZER  USED  TO  BUILD 
LANDINGS...  OM_Y  CNE  XZER  IS  ALLOlfD  TO  BUILD 
LANDINGS 


LANDING  CDNSTRXTION  TlltS 


46700  CJ< 

46800  CJK 

46900  CJK 

47000  CJK 

47100  CJK 

47200  CJK 

47300  CJK 

47400  CJK 

47500  CJK 

47600  READ(KR,2000)ILDZR 

477X    2000  FORMAT(Il) 

47800  CJK 

47900  CJK 

48000  CJK 

48100  CJK 

48200  CJK 

48300 

48400 

48500 

48600 

48700 

48800 

48900  CJK 

49000  CJK 

49100  CJK 

49200  CJK 

49300  CJK 

49400 

49500  CJK 

49600  CJK 

49700  CJK 

49800  CJK 

49900  CJK 

50000  CJK 

50100  CJK 

50200  CJK 

50300  CJK 

50400  CJ< 

50500  CJK 

50600  CJK 

50700  GX 

50800  R£AD(Kfi,2050)DSFTB(  1X08, 1X09)  ,ACRESL,CUn,EFFL,SY^r4IR 

50900    2050  F0RMAT{F8.0,lX,F4.1,lX,F4.1,lX,F4.2,lX,F5.1) 


START  OF  m  LOOP  FOR  r<ETH00S+- 


X  2200  1X08=1, titTH 

9*HRLA=0.0 

3>1CBL=0.0 

31SYMH=0.0 

3«M.=0.0 

1XB03=ILAND(IX08) 


START  X  ro  LOOP  FOR  LANDINGS+++++LANDING  CDNSTRXTION  TIMes 


X  2150  1X09=1,1X803 


CARD  TYPE  12 


CSFT8(  )=DISTANCE   IN  FET  FROM  TRACT  BOtUCWRY  TD  THIS  LAWIG 
ACRESL=  ACRES  IN  THIS  LANDING...  SIZE  X  LANDING 
CUTl=AVERAGE  CUT  XPTH  X  EARTH  REMOVED  IN  BUILDING  LAND1^G 
EFFL=D£FFICIENCY  FACTOR  FOR  THIS  LANDING  (IE  0.80) 
SYWR=SYSTEM  MOVE  TIME  IN  HOU^S  TD  THIS  LANDING;  NOT  A 
M3VE  IN  TIME  BUT  A  MCVE  BETVtEN  LANDING  TM 


51000 

51100 

51200 

51300  CJK 

51400  CJK 

51500  CJK 

51600  CJK 

51700  CJK 

51800  CJK 

51900  CJK 

52000  CJK 

521X  CJK 

52200  CJ< 

52300 

52400 

52500 

52600 

52700 

52800 

52900 

53000 

53100 

53200 


ffW.L=(ACRESL*4356O.0)/26. 70 
APPCYL=((APPLL*Cmi*26. 70)727. 0)/(APPLL/1000.0) 
APPACL=( ( (APPLE *26. 70)743560.0) )/(APPLL/lU00.0) 

LOGIC  WAS  TO  CONVERT  LANDING  SIZIN  /CRES  TO  AN 
EQUIVALENT  LENGHT  X  ROAD  AND  THEN  USE  ROAD 
CDNSTRXTION  EOWTION  IN  TVA  TECH  rCTE  B27 
APPCYL=APPROXIMATE  NUMEER  X  CUBIC  YARDS 
APPACL=APPROXIMATE0  NUMEER  X  ACRES  IF  CONVERTED 

FROM  LANDING  ACRES  TO  ROAD  LENGTH  CRES 
*TX=K)IKS  TO  BUILD  LANDING 


mTX=(APPLL/3000.0)*(0.524*SQRT(APPCYL/DZRHP{ILDZR))+ 

1(12.668*SQRT(APPACL/DZRHP(ILDZR))))/(DZREF(ILDZR)*£FFL) 

?mA=Sft«LA+FRTBL 

CBL=WTBL*DZ(«;(ILDZR) 

SOL=SMCBL+CaL 

CM.^YSIt«*SYSWC 

3OL=SM[M+01 

3«YT*=S(«YNH*-301 

W<ITE(KW,2100)IX08, 1X09, C5FTB(IX06, 1X09)  ,ACRESL,CaTl, 
10ZRHP(  ILDZR )  ,DZRHC(  ILDZR)  ,EFFL,H^TBL  ,CBL  ,SY5HIR,CM 
53300    2100  FCRMAT(4X,I4.5X.I4,lX,F9.0,4X,F6.1,3X,F6.1,2X,F6.0, 
53400  11X,F7.2,2X,F6.2,1X,F9.2,1X,F9.2,2X,F7.1,1X,F8.2) 

53500    2150  CONTINX 
5360O  W.BHl=DZRHC(ILDZR)+SYSJ«: 

53700  W.WRS=(SMCBL+3««l)/W.ail 

53800  CJK 
53900  CJK 
54000  CJK 
54100  CJC 
54200  CJK 
54300  CJK 
54400  CJK 
54500 
54600 


W.eHRS=V£  IGHTED  HOLRS  FOR  BUILDING  LANDING  At* 
M3VING  BETWEEN  LANDINGS  "  THIS  VALX  IS  USED 
IN  THE  LP  HDLFS  CXtlt6  BY  METHOD 


3«LNM=SMC8L+*Ot 

W<  I TE  (KW,2175 )  IXOB.WLBHRS,  »CLNW 
54700    2175  FORWT(4X,I4,103X,F8.2,2X,F9.2) 
54800  L0a€T(3.IX08)=Vl&«S 

54900    2200  ODNTINUE 
55000  W*nE(KW,2250) 

55100    2250  FCfiMAT(/,2X,127{ '*'),//) 
55200  W?ITE(KW  2300) 

55300    2300  F0RMAT(2(/),1X,127('*'),/.49X,'MINIMIM' ,4X,'MAXIMLM',6X, 
55400  1 'FIXED', 

55500  24X, 'SKIDDING', 3X, 'TRAIL', 3X, 'SLOPE ',9X, 'AREA', 2X, 'FIXED',/, 

55600  32X, 'METHOD', 2X, 'LANDING', 4X, 'AREA' ,7X, 'AREA' ,5X. 'AREA', 

55700  43X,'SKIII)ING',3X.'SKIXlING',3X,'SKIII)ING'.2X,'C0RREai0N', 

55800  53X,'TRA\£L  L0AXD',3X,'0IFFICXTY' ,2X,'TIft' ,/, 

55900  62X, 'NUMBER', 3X,'NUr€ER',2X,'NLMER',5X,'VXl>E',4X, 

56000  /'flCRES'  ,3X,  'DISTANtt '  ,3X,  'DISTANa '  ,3X,  'DISTANX '  ,6X, 

56100  8'FACTCR',3X, 'DIRECTION  (%)' ,7X, 'FACTCR '  ,2X,'CYaE' ,/) 

56200    2350  CONTINX 
56300  CJK 
56400  CJK 
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IMN^^ETVOD  NUMEER,  ILN4ANDIIC  NU!«R,IAN=flREA  NUMER, 
AV=«EA  vaLME,  AA=«EA  ACRES,  AN=«INIMl>l  SKICOING 
DISTANCE,  AX=mXIMLM  SKIDDING  DISTANCE,  AF=fIXED  SKIDDING 
TO  AREA  Wh€RE  AN  AND  AX  WOULD  APPLY;  AC  CORRECTION  FACTOR 
CONVERTING  STRAIGHT  LINE  SKIDDING  DISTANCE  TO  ACTUAL 
DISTANCE  TRAVELED  BY  SKIDDER;  AS=5L0PE  OF  SKID  TRAIL  IN 
PERCENT  IN  DIRECTION  OF  TRAVEL  LWCED;  AD=«EA  DIFFICULTY 
CODE  AFFECTING  SKICOING  TI^E  SIMILAR  TO  SKIDDER  EFFICIENCY 
(IE  0.80) 


56500  CJK  ************CARO  TYPE  13 

56600  CJK 

56700  CJK 

56800  CJK 

56900  CJK 

57000  CJK 

57100  CJK 

57200  CJK 

57300  CJK 

57400  CJK 

57500  CJK 

57600  CJK 

57700  CJK 

57800  CJK 

57900    2375  CONTINUE 

5aXXI  READ(KR,2400)IMN,ILN,IAN,AV,AA,AN,AX,AF,AC,AS,AD,AT 

58100    2400  F(M1AT(11,I2,12,F9.0,F6.0,F8.0, 

58200  1F8.0,F8.0,1X,F5.2,F5.0,1X,F4.2,1X,F4.1) 

58300  IF(IMN.E0.O)Q0  TO  2500 

58400  AREAV(IMN,ILN,IAN)=AV 

58500  AREM(II>W,ILN,IAN)=AA 

58600  AREAm(I^N,ILN,!AN)=AN 

58700  AREAMX(IW,ILN,IAN)=AX 

58800  AR£AFDCIMN,ILN,IAN)=AF 

58900  AREACF(IMN,ILN,IAN)=AC 

59000  AREATS(IMN,ILN,IAN)=AS 

59100  AREADI(IMN,ILN,IAN)=AD 

59200  AREAFT(IMN,ILN,IAN)=AT 

59300  lflnE(KW,2450)IMN,ILN,IAN,AV,AA,AN,AX,AF,AC,AS,AD,AT 

59400    2450  FORmT(4X,I4,5X,I4,4X,I4,lX,F10.0,2X,F7.0,2X,F9.0, 

59500  12X,F9.0,2X,F9.0,5X,F7.2,10X,F6.0,6X,F7.2,1X,F6.1) 

59600  03  TO  2350 

59700    2500  CONTINUE 

59800  W?nE(KW,2250) 

59900  W^nE(KW,2550) 

60000    2550F0RMftT(lHl,/,2X,126{'*'),/,75X,ll('*'),lX,'Aa' 

60100  1,1X,'SKID0ERS  WORKING  TOGETHER' ,1X,11('*'),/,68X, 

60200  2'AREA'  ,/,28X,  'MINIMUM'  ,3X,  'MWIf^JM'  ,4X,  'CYCLE '  ,2X, 

60300  3  NUMBER', 6X,'SKID',10X,'AREA',4X,'LArCING  ',2X, 

60400  4'LANDItC',5X,'l€T><)D',6X,'(tTH0O',/,2X, 

60500  5•^ET>^0D'  ,2X, 'LAND'  ,2X,  'AREA'  ,2X,  'SKID'  ,3X,  'VaUNE' , 

60600  64X,'VaL^E',5X,'Tlf€',6X,'0F',6X,'TI^E',6X, 

60700  7'SKIDOING' ,3X, 'SKIDDING' ,2X, 'SKICOING'  ,3X, 'SKICOING' , 

60800  84X, 'SKIDDING') 

60900  W^nE(KW,2600) 

61000    2600  F0RMAT(6X,'NO',4X,'NO',4X,'NO',4X,'NO',2X, 


61100 
61200 
61300 
61400  UK 
61500  CJK 
61600  CJK 
61700  CJK 
61800  CJK 
61900  CJK 
62000  CJK 
62100  CJK 
62200  CJK 
62300  CJK 
62400  CJK 


I'SKIDDED'  ,3X,  'SKIDDED'  ,2X, 'MINUTES'  ,2X, 'CYaES' , 
25X,  'HOO^S '  ,9X,  'HOIPS'  ,7X,  'HOIKS'  ,5X,  'COSTS '  ,6X, 
3 ' HOURS ',7X,' COSTS',/) 


START  OF  DO  LOOP  F«  ItTX10S-H-H-3(IDDING  TlftS 


9CIC0ING  AVERAGE  VALUES  FROM  TVA  TECFMICAL  NOTE  B18,  1976 
BY  JERRY  KOGER  'FACTORS  AFFECTING  TFE  PRODUCTION  OF 
RUBBER  TIRED  SKIDOERS"  TVA,  tCRRIS,  TN    37828 
RAOCLR  =  RADIUS  CF  OKVATU^E  AVERAGE  VALUE  OF  483.99  FT 
RUTD=RUTD  DEPTH  ON  SKID  TRAIU;  VALI£  CF  2"  ASSUftO 
CO^EP=  SOIL  STRENGTH  BY  Oai£  P£^ETRCMETER,  ASSUltD  200 

62500  CJK    ARaG=  ARC  LENGTH  OF  SKID  TRAIL,  USED  AVERAGE  CF  132. 

62600  CJK    SEE  TVA  TECHNOTE  B18  PAGE  23  FOR  THESE  VALUES 

62700  CJK 

62800 

62900 

63000 

63100 

63200 

63300 

63400 

63500 

63600 

63700 

63800 

63900 

64000 

64100  CJK 

64200  CJK 

64300  CJK 

64400  CJK 

64500  CJK 

64600 

64700 

64800 

64900 

65000 

65100 

65200 

65300 

65400 

65500  CJK 

65600  CJK 

65700  CJK 

65800  CJK 

65900  CJK 

66000 

66100 


RADCUR=483.99 

RUID=6.3 

C0NEP=192.2 

ARaG=131.6 

ELEV=1547.1 

DO  3100  IDL10=1,M«ETH 

SMV0LM=0.0 

3»W1M=0.0 

34WO.0 

SASKDO.O 

?SKD=0.0 

SWSKD=0.0 

IDLBC»=ILAND(IDL10) 


START  OF  DO  LOOP  FOR  LANDINGS- 


DO  3000  IDL11=1,IDLB04 

34iJ\=0.0 

3WA=0.0 

WV=0.0 

ASKDPL=0.0 

FSKDPL=0.0 

kBKDPL=0.0 

AMAXN=0.0 

IDLB05=JNAREA(IDL10,IDLU) 


9<IDDING  TIMES 


START  OF  DO  LOOP  FOR  AREA+++++3<I[0ING  TMS 


DO  2900  IUL12-1,ICLB05 
IF(AREAV(IDL10,IDL11,IDL12).EQ.O.O)QO  TO  2900 


66200 
66300 
66400 
66500 
66600 
66700 
66800 
66900 
67000 
67100 
67200 
67300 
67400 
67500 
67600 
67700 
67800 
67900 
68000 
68100 
68200 
68300 
68400 
68500 
68600 
68700 
68800 
68900 
69000 
69100 
69200 
69300 
69400 
69500 
69600 
69700 
69800 
69900 
70000 
70100 
70200 
70300 
70400 
70500 
70600 
70700 
70B00 
70900 
71000 
71100 
71200 
71300 
71400 
71500 
71600 
71700 
71800 
71900 
72000 
72100 
72200 
72300 
72400 
72500 
72600 
72700 
72800 
72900 
73000 
73100 
73200 
73300 
73400 
73500 
73600 
73700 
73800 
73900 
74000 
74100 
74200 
74300 
74400 
74500 
74600 
74700 
74800 
74900 
75000 
75100 
75200 
75300 
75400 
75500 
75600 
75700 
75800 


SHAO.O 

AMAXN=mAXW-1.0 

91AV=SMAV+AREAV(  IXIO,  IDLll,  IDL12) 

3W=SmA+AREAA(  IDL10,IDL11, 1X12) 

ASKDPL=ASKDPL+0.5*(AREAWJ(IDL10,IDL11,IDL12)+ 
WREAMXCIDL10,IX11,IDL12)) 

FSKDPL=FSKDPL+AREAFD(IX10,IDL11,IX12) 

l6KDPL=WSKDPLt(  ( (0.5*(AREAW(  IDLIO,  ICLll,  IDL12)+ 
WREAMX(IOL10,IDL11,IDL12)))*AREACF(IDL10,IDL11,IDL12))+ 
2AR£AFD(IOLlO,IDLll,IDLl2))*flREAV(IX10,ia.ll,IDLl2) 


START  OF  DO  LOOP  FOR  SKICD£RS++++3(I[BING  TIftS 


DO  2800  IOLl>l,NSKD 


CJK 
CJK 
CJK 
CJK 
CJK 

CJK 
CJK 
CJK 
CJK 
CJK 
CJK 
CJK 
CJK 
CJK 
CJK 
CJK 
CJK 
CJK 

READ(KR,2700)KM,KL,KA,KS,SKVMN,SKVMX 
2700FORMAT(Il,lX,I2,lX,I2,lX,I2,F10.1,F10.1) 

XN=AREAW(KM,KL,KA) 

XX=AREAMX(KM,KL,KA) 

FX=AREAFO(KM,KL,KA) 

FC=AREAa'(KM,KL,KA) 


kkkkkkkkkkkAAA  (jip[)  jyp^   15  <m<mm*Aimm*<mn*nimitA** 


KM=^HTDD  NUMBER;  KL=LANDING  NUMBER ;KA=AREA  Nll«R; 
KS=SKICtlER  NUMBER;  SKVMN=MINIMU>1  «Xl>€  SKIDDED  PER  CYCLE; 
SKVMS=M!WIMIW  VOLUt  SKIDDED  PER  CYCLE; 
IF  SKVMN=SKVMX  THEN  INTEGRATION 
EdUmat  FOR  SKIDDING  TIME  IS  NOT  USED 


CJ< 
CJK 
CJK 
CJK 
CJK 
CJK 
CJK 
CJK 

CJK 
CJK 
CJK 
CJK 
CJK 
CJK 


CJK 


CJK 
CJK 
CJK 
CJK 
CJK 
CJK 
CJK 


CODE  SINBOLS  USED  FAC=FACTDR;  A...=SKMBOL  IN  APPENDIX 
OF  THIS  REPORT  FOR  SKIDDING  EQUAnON;  E=SVm)L  FOR 

TRAVEL  EMPTY  THIS  APPLIES  TO  FACAE.F/CBE 

TYPE  COOEING  USED  BELOW 


IF(XN.E0.XX)FACAE=(FX+(XN*FC))**1. 022449 


IF  XN.rE.XX  THEN  INTEGRATION  EQmnON  IS  USED  TO  OMVTE 
VALl£  CF  FACAE    ++TRAVEL  EMPTY 


IF(XN.It.XX)FACA£=(FX**1.022449)+((1.0/(XX*FC-XN*FC))* 
l(((XX*FC)**2.Q22449/2.022449)-((XN*FC)**2.022449/2.022449))) 
FAC8E=RADCUR**3. 549048 
FACCE=(SKDHP(  ial3))**l. 317563 
FACCE=120.0**1. 317563 
FACCE =(  1 .  OtRUro )  **0. 223969 
FACEE=(AREA£ (KM.KL ,KA )) **0. 180727 
FACEE=EL£V**0. 180727 
TS=ATAN(AREATS(KM,KL,KA)/100.0)*CTDEG 
FACFE={1.0tSIN(TS*CTRAD))**2.156775 
FACHE<0(€P**0. 183381 
FACIE=AfiaG«6.943695 
IF(1LNIT.E0.1)VSN=5KVM<*03I*'TB 
IF (lUNIT.EQ. 1 )VSX=SKVMX*COff  T6 
r(IlWIT.EQ.2)VSN=6KVNN*a)NBTB 
IF(IIHIT.EQ.2)VSX=SKVMX*OONBTB 
IF  ( Ili<IT.EQ.3)VSN^VMN*C0NCTB 
r(ILMIT.EQ.3)VSX=SKVMX*CDNCTB 
IF(  I  J<IT.E0.4)VSN=SKVffl<*QDNUTB 
F  ( ll*IIT.EQ.4)VSX=SKVMX*03NUTB 
IF(SKVMN.EQ.SKVMX)FACX=VSN^.110305 


IF  SKVm.ff.SKVMX  THEN  INTEGRAnON  EQWHON  IS  USED 
TO  COMPUTE  VALUE  CF  FACX    ***  VOLLNE  FACTOR  FOR 
TRAVEL  LOADED 


CJK 
CJK 
CJK 
CJK 
CJK 
CJK 


IF  {SKVM<.I€.SKVMX)FACX=(  ( 1.0/(VSX-VSN))* 
1((VSX**1. 110305)71. 110305)* 
2( { VSN**1 . 110305 )/l . 110305 ) ) 

IF(XN.EQ.XX)FACAL=(FX+(XN*FC))**1. 1098034 


IF  XN.rC.XX  THEN  INTEGRATION  EQWnON  IS  USED  TO  COMPUTE 
VALUE  OF  FACAL+++  DISTANCE  F/tTDR-TRAVEL  LOADED 


IF (XN.f£. XX)FACAL=(FX**1. 1098034)+< ( 1.0/(XX«FC-XN*FC ))* 

K (( XX«FC )**2. 1098034/2. 1098034) -(( XN»FC )**2. 1098034 
2/2.1098034))) 

FACBL=fiADCUR**3.472234 

FACDL=(  l.OtRUlD  )**0. 116935 

FACEL=(«EAE{KM,KL,KA))**0.098604 

FACEL=ELEV»*0.09a604 

FACFL=(1.0<-S1N(TS*CTRAD))**0.681159 

FACGL=(SKDWT(  IX13))**3.234567 


60 


75900  F«>i=C0NEP**0.067053 

76000  F/1CCL=(5KDHP(IDL13))**3.15;504 

76100  FACIL=«aG**7. 456998 

76200  TINEE=0.3395469*((FAC:A£*fACBE*f/iCCE*fACDE*f/>C£E*FAtFE)/ 

76300  1(F«;HE*FAC1E)) 

76400  nitL=O.000O5166*((FflCJL*fflCftL*f«;BL*F«;DL*f«;EL* 

76500  lFACFL*fACa)/(FA01*FACa*FAClL)) 

76600  CJK 

76700  CJK 

76800  CJK      T=SKICOING  CVaE  TI^E  IN  MlNLfTES  AS  COWLfTID  BY  EOmilON 

76900  CJK      2  PAGE  31  OF  TVA  TECHNICAL  ^DTE  818,  1976  BY  JERRY  KDGER 

77000  CJK      'f  ACTORS  «^FECTING  THE  PRODUCTION  CF  RUBBER  TIRED  SKItBERS" 

77100  CJK        TVA,  NORRIS,  TN,  37828 

77200  CJK 

77300  CJK       T1^EE=TRA\/EL  TI^E  EMPTY;  TlltL=TRAVEL  TI^E  LOADED; 

77400  CJK        AfiEAFTO=FIXED  CYCLE  TI^E;  SKEF=SKICOER  EFFICIENCY; 

77500  CJK       AREADK,)  =PREA  DIFFICULTY  FACTOR  FCR  SKIDDING 

77600  CJK 

77700  CJK 

77800  T=((TI^EE+TIMEL+AfiEAF^(KM,KL,KA))/3<DEF(KS))/AREA0I(KM,KL,KA) 

77900  SKSFE=(F«;B£*fACCE*FACCE*f«;EE)/(FACHE*FACIE) 

78000  SKSFL=(FACBL*F«;a*FACEL)/(FACH*F«:iL) 

78100  CYaEN=(AREAV(KM,KL  ,KA) )/( (SK«MN<-3<VMX)/2. 0) 

78200  AT>1=(T*CYaEN)/60.0 

78300  W?ITE(KW,2750)KM,KL,KA,KS,SKVMN,SKVMX,T,CYaEN,ATH 

78400    2750  FCRMAT(4X,I4,2X,I4,2X,I4,2X,I4,F9.1,lX,F9.1,lX, 

78500  1F8.2,1X,F7.0,F10.2) 

78600  3*A=SrtHA+(1.0/ATH) 

78700    2800  CONTINUE 

78800  CJK 

78900  CJK 

79000  CJK        SI«HW=  THE  TIME  IT  ICULD  TAKE  ALL  SKI  DOERS  IF  THEY 

79100  CJK       WCRKED  TOGETHER  ON  THIS  AREA 

79200  CJK 

79300  CJK 

79400  3WA=1.0/3W 

79500  WLA=Sm.A+3WA 

7960O     1F(NSKD.GT.1)W^ITE(KW,2850)KM,KL,KA,SIWA 

79700  2850  FORMftT{4X,I4,2X,I4,2X,I4,57X,F10.2) 

79800  2900  CONTINLE 

79900     V0LM.(IDL10,1CL11)=5WV 

dOOUO  VOLW(ICLlO,iall)=SMW 

80100  ASKDBL(!DL10,IDL11)=ASKDPL/AM(WN 

80200  FSKD6L(I0LlO,IDLll)=fSKDPL/AMAXN 

80300  SWSKD^WSKD-H6KDPL 

80WO  16KDBL(IDL10,IDL11)=WSKDPL/31AV 

80500  S(\SKD=SASKD+ASKDeL(I0LlO,IDLll) 

80600  TSKD=SFSKI}+fSKD6L(IDLl0,IDLll) 

80700  3W«=SmiA+3'tILA 

80800  SKaC=5(«HLA*30;HC 

80900  3^V0LW=SMV0LM<-WV 

81000  3WLM=SNWIMf-WA 

81100  W^ITE(KW,2960)KM,KL,3*LA,SKDLC 

81200    2950  FORMAT(4X,I4,2X,14,73X,F10.2,F10.2) 

81300    3000  (DNTINLE 

81400  Vam(lDLlO)=SMWLM 

81500  ACRBM(IDL10)=5MACLM 

81600  9<DMC=Sm**3«HC 

81700  L0G^tT(4,IDLlO)=S^mA 

81800  ADL11=IDLBC« 

81900  ASKDeM(IDLlO)=SASKD/Aall 

82000  FSKD6M(IDLlO)=SFSKD/Aall 

82100  V6KDeM(ialO)=SWSKD/3^\OLM 

82200  fcRITE(KW,3050)KM,3«*,SKDMC 

82300    3060  FCRMftT(4X,I4,99X,F11.2,lX,F11.2,//) 

82400    3100  OONTINUE 

82500  kRITE(KW,3125) 

32600    3125  FORMAT! /,2X,126('*') ) 

82700     WITE(KW,3150) 

82800  3150  F0RmT(lHl,2(/).125('*'),/.62X,8(  ■*■),'  PER  LANDING' ,1X, 

82900    19('*'),5X,9('*'),'  PER  ftTHX)' ,lX,9( '*' ),/, 

83000  284X,'kfIGKTED',27X,'V£lGHT^D',/,74X, 'AVERAGE ',4X,' AVERAGE', 

83100  317X,'A\tRAGE   ' ,3X, 'AVERAGE' ,/,63X, 'AVERAGE' ,6X,'F1XED',5X, 

83200  4'TRAVEL',6X, 'AVERAGE ',6X,'FIXED',5X,'TTWVEL',/,2X, 

83300  5'yETHX)',2X, 'LANDING', 3X, 'LANDING', 3X,'LArt)ING',5X, 

83400    6'^fT>^00',5X,'^ET>O0',3X, 'SKIDDING', 3X, 'SKIDDING ',3X, 

83500     7'SKIDOING',5X,'SKICDI^G',3X, 'SKIDDING', 3X, 'SKIDDING',/, 

83600     82X,'NIMEER',3X, 'NUMBER', 4X,'V0LO*',5X, 'ACRES', 5X,'V0LIWE', 

83700    96X,'«;RES',3X, 'DISTANCE ',3X, 'DISTANCE ',3X, 'DISTANCE', 

83800     15X, 'DISTANCE ',3X, 'DISTANCE ',3X, 'DISTANCE',/) 

83900     DO  3250  ial4=l,f(€TH 

84000  IDLB5A=ILAND(ial4) 

84100  DO  3230  IDL14A=1,IIXB5A 

84200  CJK 

84300  CJK 

84400  CJK      OUTPUT  LANDING  AND  NETHX)  VOLlltS  AND  SKIDDING  irf  0 

84500  CJK      BY  LANDING  0N1.Y 

84600  CJK 

84 /UO  CJK 

84aj0  ^Rnt(KW,3220)IDLl4,Ial4A,V0L^t.(Ia_14,lCLl4A), 

84900  lV0LW(IDLl4,10Ll4A),ASKD8L(IDLl4,ial4A), 

85U00  2FSKD6L(IDLl4,ia.l4A),WSKDBLaal4,ICLl4A) 

35100    3220FCRMftT(4X,I4,5X,I4,lX,F9.0,2X,F8.0,25X,F8.0,3X,F8.0,3X,F8.0) 

852U0    3230  ODNTINUE 

85300  CJK 

85400  CJK 

35500  CJK      OUTPUT  LANDING  AND  NETHX)  VaUt,  ACRES  AND  SKICDING 


85600  CJK  DISTANCES  BY  METMDD  OM.Y 

85700  CJK 

85800  CJK 

85900  W?ITE(KW,3240)IDLl4,VDLm{IDLl4),ACR8M(IDLl4), 

86000  1ASKD»1(IDL14),FSKD»1(I0L14),WSKDBM(I0L14) 

86100    3240  FCRMAT(4X,I4,30X,F10.0,1X,F10.0,37X,F9.0,2X,F9.0,2X,F9.0) 

86200    3250  03NTINUE 

86300  kRITE(KW,3300) 

86400    3300  F0RMAT{/,2X,125('*')) 

86500  WITE(KW,3350) 

86600    3350  F0RM<\T(2(/),2X,27('*'),/,24X,'TRXK',/, 

86700  123X, 'TRA\£L'  ,/,2X, 'NETVOD' ,2X, 'LANDING' ,2X, 

86800  2'CCRRECTI0N',/,2X,'NLMBER',3X,'NLMeER',6X, 'FACTOR',/) 

86900  00  3500  IDL15=1,OTTH 

87000  ia.B06=ILAN0(IDLl5) 

87100  DO  3400  IDLl6=l,IXB06 

87200  CJK 

87300  CJK  "■'"""""  CARD  TYPE  16  """""""*"'"" 

87400  CJK 

87500  CJK 

87600  CJK  ITMN^ETHOD  NUMBER;   1TLN=LANDING  NIWEER  FOR  THIS  METHOD 

87700  CJK  TKTVCF=TRUCK  SPEED  CORRECTION  FACTOR  THAT  RECOGNIZES 

87800  CJK  THAT  TRAVEL  SPEED  WY  DECREASE  AS  THE  RCWD  STANQURD 

87900  CJK  DECREASES  AS  A  FLECTION  CF  RmD  LENGTH 

88000  fJK  (IE  0.80  WOULD  NEAN  THAT  TRAVEL  SPEED  AT  THE  END 

88100  CJK  WAS  80  %  CF  EE6IWIG  TRA\£L  SPEED) 

88200  CJK 

88300  CJK 

88400  P£AD(Kfi,3360)ITNM,nLN.TKTVCF 

88500    3360  FCRMAT(I1,1X,I2,1X,F4.2) 

88600  TKTff(ICLl5,lDLl6)=TKTVCF 

88700  W^ITE(KW,3370)nMN,lTLN,TKTVCF 

88800    3370  FaRMAT(4X,I4,5X,I4,6X,F6.2) 

88900    34rX)  OMINUE 

89000    3500  ODNTINUE 

89100  l*ITE(KW,3550) 

89200    3550  F0RMAT(/,2X,27( '*' ),//) 

89300  W^ITE(KW  3600) 

89400    3600  F0RMAT(1H1,/,2X,94('*'),/,57X,5('*'),1X,'ALL  TRUCKS', IX, 

89500  I'WCRKING  TOGETHER', IX, 5( '*'),/, 

89600  228X,  'CYCLE '  ,4X,  'NIWER '  ,5X,  'TRUCK '  ,5X, ' LWING' , 

89700  33X, 'LANDING', 5X,'^ETKID',5X,'^ETHOD'/, 

89800  42X,'NETH00',2X, 'LANDING', 3X, 'TRUCK ',4X, 'Tilt ',8X, 

89900  5'0F',6X, 'TIME ',4X, 'TRUCKING', 2X,'TRXKING',3X, 

90000  6'TRUCKINS',3X,'TRXKING',/; 

90100  72X,  'NLWER '  ,3X,  'Nll«R'  ,2X,  'NUMBER '  ,3X,  'HOIRS'  ,5X, 

90200  8'LOADS' ,5X,'H0LfiS' ,7X, 'HOLRS' ,6X, 'COST' , 

90300  96X,'H0LRS',7X,'C0ST',/) 

90400  CJK 

90500  CJK 

90600  CJK  START  OF  DO  LOOP  FOR  ^ETHOOS^-H^■TRXKING  TIMES 

90700  CJK 

903aT  CJK 

90900  00  3950  IDLl6=l,^f€TH 

91000  3mw=o.o 

91100  iaB07=ILAND{IDLl6) 

91200  CJK 

91300  CJK 

91400  CJK  START  CF  DO  LOOP  FCR  LANDINSS-h-h-TRXKING  TII^S 

91500  CJK 

91600  CJK 

91700  DO  3850  IDL17=1,IDLB07 

91800  5ffl<LH=0.0 

91900  3TOHO.0 

92000  00  3750  ICLl8=l,NTRK 

92100  CJK 

92200  CJK 

92300  CJK  START  CF  DO  LOOP  FCK  TRXKS+++IRXKING  TI^ES 

92400  CJK 

92500  CJK 

92600  TKTEU»t=DFTBTM/lKTEfW(IDLl8) 

92700  TKTLkM=l>'T8TW/TXTL*l(IX18) 

92800  TKTEBR=(DSFTB(IX16,IDLl7)/5280.0)/ 

92900  l((TKTIWD(ial8)*(l.OtlKTCF{IX16,IX17)))/2.0) 

93000  TXTLBR=(DSFTB{ial6,iai7)/5280.0)/ 

93100  l((TKTLWD(IX18)*(l.OtTXTCF(I0Ll6,lDLl7)))/2.O) 

93200  CJK 

93300  CJK 

93400  CJK  TXCT=TRXK  CYaE  TIME;  TKTBI4=TRA£MPTY  TIME 

93500  CJK  OVER  WN-WDOOS  ROAD;     TXTLkM=TRAVEL  LmCED  TI^E 

93600  CJK  OVER  N3N-W000S  RCWD;     TKTEBR=TRAVEL  TI^E  EMPTY 

93700  CJK  OVER  WOODS  OR  BUILT  RWD;  TXTLBR=  TRAVEL  Tilt 

93800  CJK  LQACED  OVER  BUILT  OR  WOODS  nOIKO 

93900  CJK 

94000  CJK 

94100  TKCT=(TXTEkl«MKTLl*4<-TKTE8R+TXTL3(+(TWTPC(lCLl8)/60.0)) 

94200  l/TK£F(ial8) 

94300  TKCYC=vaLM.(I0Ll6,IDLl7)/lKVa(IX18) 

94400  TKH=TKCT*TKCYC 

94500  WKH=SMTXHt(1.0/TKH) 

94600  W<ITE(KW,3700)IDLl6,ia.l7,IDLl8,TKCT,TXCYC,TXH 

94700    3700  FORWT(4X,I4,5X,I4,4X,I4,lX,F7.2,lX,F9.1,F10.2) 

94800    3750  OONTINX 

94900  CJK 

95000  CJK 

95100  CJK  SMTXFL=THE  Tl^t  IT  WOLLO  TAKE  IF  ALL  TRXKS  WORKED 

95200  CJK  TDGETHEJ) 


i;    1 


95300  CJK 

95400  CJK 

95500  3mH.=1.0/3mH 

96600  3ffl<LH=5^f^XLH+3ffl<tl 

95700  gflKLC=6mKLH*SMTKHC 

95800  3mW=ynKfH+WXLH 

95900  F(Mm.GT.lWITE(KW, 3800)10.16, ial7,3fll<LH,SMTKLC 

96000    3800  FORmT(4X,14,5X,I4,38X,Fl0.2,F9.2) 

96100    3850  C0^fTINIJE 

96200  3<nKMC=SMTOW*3ffl<HC 

%300  L0(JtT(5,IDLl6)=SMTKMH 

96400  K)ITE(KW,3900)IDLi6,gflXW,3*ITKMC 

%500    3900  F0RMAT(4X,I4,67X,F11.2,F11.2,/) 

96600    3950  OONTINUE 

tfinF(KW,4000) 
4000  F0R*T(/,2X,94('*')) 

IF(ICTRAT.EQ.0)G0  TO  4500 

^RITE(KW,4250) 
4250  F0RMAT(2(/),2X,21('*'),/, 

12X,'C0^6TWINT^/,8X,■COCE',/,2X,'1=  ROftOHR',/, 

22X,  7=  LAND  HR'  ,6X,'UPPER'  ,/,2X,'3=  SKID  HR'  ,6X,  'BOW  ,/. 

32X,'4=  TRIX  HR',6X,'VALl£',/) 

00  4400  IDL23=1,ICTO\T 

K=IDL23+7 

JDNSC=«tTH+ICTRAT+12 


"*"""«  CARD  TYPE  17 


ICSF0<0NSTTOINT  CODE; 
C0^5TRAINT 


■trtr/rtrkk-kklrlrkk-lrirkkkkk-k 


CSTVAL=VaLE  OF  WIS 


96700 

96800 

96900 

97000 

97100 

97200 

97300 

97400 

97500 

97600 

97700 

97800  CJK 

97900  CJK 

98000  CJK 

98100  GJK 

98200  CJK 

98300  CJK 

98400  CJK 

98500  CJK 

98600  CJK 

98700  READ(KR,4300)ICSTF0,CSTVAL 

98800    4300FaWT(Il,lX,F9.1) 

98900        ^^)^5c=Jrlf^sc-(4-lcsTF0) 

99000  CJK 

99100  CJK  UPPER  BOUND  RO^D  C0^6TRUCTI0N  HOURS 

99200  CJK 

99300  IF(ICSTfO.EQ.l)P(K)<STVAL 

99400  IF(ICSrFO.EQ.l)A(K,MCONSC)=1.0 

99500  IF(ICSTFO.E0.1)JVAR(K)=1 

99600  CJK 

99700  CJK  UPPER  BOUND  FOR  VflGHTEO  LANDING  CONST.  &  fWIN3 

99800  CJK 

99900  1F(ICSTF0.EQ.2)P(K)=CSTVAL 

100000  IF(ICSTFU.EQ.2)A(K,MC0NSC)=1.0 

100100  F(ICSrF0.E0.2)JVflR(K)=2 

100200  CJK 

100300  CJK  IPPER  »IND  FCR  SKIDDING  HDli^S 

100400  CJK 

F(ICSTF0.E0.3)P(K)<STVAL 

F(ICSTF0.EQ.3)A{K,MCDNSC)=1.0 

'IF(ICSTF0.EQ.3)JVAR(K)=3 


100500 

100600 

100700 

100800  CJK 

100900  CJK 

101000  CJK 

101100 

101200 

101300 

101400 


UPPER  BOIMD  FOR  KICKING  HDU^S 


F(ICSrF0.EQ.4)P(K)=CSTVAL 

F(ICSrFO.EQ.4)A(K,M00NSC)=l.O 

IF(ICSTF0.E0.4)JVAR(K)=4 

tfinE(KW,4350)  ICSTFO,CSTVAL 
101500    4350  FORWT(6X,I2,7X,F8.0) 
101600    4400  Q3NTINUE 
101700  VfinE{KW,4450) 

101800    M50FCRMAT(/,2X,21('*'),/) 
101900    4500  CONTINUE 

102000  1F(ILNIT.E0.1)TDUVL=H(«VOL/2000.0 

102100  IF(ILMIT.EQ.2)T0TLVL=mR\«L/1000.0 

102200  IF{lLf<IT.E0.3)TDTlVl=WRWL/100.0 

102300  IF(lLNIT.EQ.4)T0TLVL=Hi«Va/1.0 

102400  kfiITECKW,470O) 

102500    4700  F0RmT(lHl,/,64X,'I^TH0D  SUWARY' ,/,lX,127( ' 


'),/,31X, 


102600  I'LAICING  CONSTRUCTION' ,58X, 'TOTAL ' ,6X, 

102700  2'^E^>ttO',/,9X,'RO<\DC0^6TRUCT10N',5X,'A^D',2X,'SYSTEM', 

102800  33X,'IWrNG',10X, 'SKIDDING', 15X,'TT?UCK!NG',16X,'I»ET>C)0', 

102900  42X, 'HARVESTING', /,lX,'NET>i',2X,21('-'),3X,21('-'),3X, 

103000  521( '-'),3X,21('-'),4X, 'HARVESTING', 8X, 'UNIT',/, 

103100  63X,  'NO'  ,2X,  'HOLRS '  ,6X, ' $$$ '  ,2X, ' $/\a '  ,3X,  'HOli^S'  ,6X, 

103200  7'$$$', 2X,'$/\a',3X,'HOmS',6X, '$$$', 2X,'$/VOL',3X, 

103300  8'HOLRS',6X,'S$$',2X,'$/WL',9X,'COSTS',7X, 'COSTS',/) 

103400  DO  4900  IDL30=l,rfET>1 

103500  S0L^"01=U3G^ET(2,IU.3O)*3»IDZHC 

103600  S0UT02=60UT01/TDTLVL 

103700  S0UT03=L0GMET(3,lDL30)*tDZRHC(ILDZR)+SYSMHC) 

103800  S0UTOil^OUTO3/TDTLVL 

103900  S01;T05=L0GI«ET(4,IDL30)*3«ISKHC 

104000  S0UT06=SOUTO5/TDTLVL 

104100  S0UTO7=U3GItT(5,IDL3O)*3<fTKHC 

104200  S0UTaB=60UT07/TOlLVL 

104300  S0UT09^0UIOl+SOUTO>S0UT05+S0UT07 

104400  S0UT10=S0UT09/roTl.VL 

104500  WlTE(KW,480O)IDL3O,L0»ET(2,I0L3O),S0UTOl,S0UrO2, 

104600  lL0a>tT(3,ia30),S0UT03,SOUT04,L09»ET(4, 10.30), 

104700  2S0UT05,SOaT06,L0atT(5,lCL3O),SOUT07,SOlJT08, 

104800  3soaT09,soario 

104900  4800  FORMAT(2X,I3,1X,F6.0,1X,F8.0,1X,F6.0,2X,F6.0,1X, 

106000  1F8.0,F7.0,2X,F6.0,1X,F8.0,1X,F6.0,2X,F6.0,1X, 


106100 
105200 
105300 
105400 
105500 
105600 
105700 
105800 
105900 
106000 
106100 
1062G0 
106300 
106400 
106500 
106600 
106700 
106800 
106900 
107000 
107100 
107200 
107300 
107400 
107500 
107600 
107700 
107800 
107900 
108000 
108100 
108200 
108300 
108400 
108500 
108600 
108700 


MMUMtHHHtltititlt   ^F^TInN  ?  HMMMMMMMItMiUtJUtitMMIili 


FORmT  STATb«ENrS  USED  IN  RAVINCRIN'S  PROGRAM 


2F8.0,1X,F6.0,2X,F12.2,2X,F10.2) 

4900  GDNTINLE 

^RITE{KW,5000) 

5000  F0RMAT(/,127('*')) 
CJK 
CJK 
CJK 
CJK 
CJK 
CWC 

aic 
a/c 

1  FQRMAT(1H1,/,3X,' ITERATION  N0=',15) 
C  112  F0RMAT(1X,12X,4112/(13X,4112)/(13X,4I12)/(13X,2I12)) 
C  121  F0RMAT(1X,I2,F8.2,3X,4F12.2/(14X,4F12.2)/(14X,4F12.2)/ 
C       2(14X,2F12.2)) 
C  122  F0R^WT(5X,4F13.1/(5X,3F13.1)) 

C  123  F0RMAT(lX,F12.1,lX,4F12.1/l4X,4F12.I)/(4X,4F12.1)/( 
C        34X,2F12.1)) 

C  325  FORMAT(  IX/  7X,8HSaUT10N,10X,7HTABLEAU) 
C  326  FORMAT(  IX.MHVARIABLE  C0SrS,2X,3F15.4/(2X,4Fl5.4)/(2X 
C         4,4F15.4)/{2X,3F15.4)) 
102  F0RMAT(1X,5X,37KTHE  OBJEaiVE  FLtCTION  IS  NOT  8OLN0ED) 
335  FORMAT! IHft) 
IPl  =  1 
IP2  =  1 


108900 
109000 
109100 
109200 
109300 
109400 
109500 
109600 
109700 
109800 
109900 
110000 
110100 
110200 
110300 
110400 
110500 
110600 
110700 
110800 
110900 
111000 
111100 
111200 
111300 
111400 
111500 
III61XI 
111700 
111800 
111900 
112000 
112100 
112200 
112300 
112400 
112500 


M  =  NUMBER  OF  COLIWNS  IN  BftSIS 

N  =  NUMBER  OF  C0LLJ46  IN  "A"  l*TRIX 

M  =  lCTW\T+7 
te  =  NltTH+lO 
N  =  tttTW-5+M 
N2  =  (*€lW-5 
M3  =  Mfl 
N9  =  M€TH+« 


IREP 


0  IF  OW.Y  FIRST  TABLEAU  IS  TO  BE  PRINTED 

1  W  ALL  TABLEALS  SHOULD  BE  PRINTED 


1 


IREP 

1T=0 

VR1TE«W,335) 

EP=.5E-6 

"JVAR"  ARRAY  ODNTAINS  A  NUMBER  CORRESPONDING  TO  EACH  COLIWN 
IN  THE  "A"  WTRIX.     DUE  TO  THE  MTHDD  OF  INPUT  INTO  W. 
MATRIX,  THE  FIRST  M  OXLMNS  (BASIS)  OF  THE  MATRIX  MUST 
BE  NUMBERED  TO  REFLECT  THE  FACT  [HAT  IT  SHOULD  APPEAR 
AT  T>€  END  OF  THE  MATRIX. 

DO  3  I=1,M 
JVAR(I)  =  N2+I 
3  CONTINUE 

NUMER  OTHER  COLIWNS  AS  THOUGH  THEY  WERE  AT  FRONT  OF  WTRIX 


DO  4  I=M3,N 
JVAR(I)=1-M 
4  CONTINUE 
K=^G 

:    SET  PRODUCT  PRICE  IN  OBJECTIVE  FLICTION" 


CWC 

CWC 

CWC 

CWC 
112600  CWC 
112700 
112800 
112900  CJK 
113000  CJK 
113100  CJK 
113200  CJK 
113300  CJK 
113400  CJK 
113500 
113600 
113700 
113800 
113900  CWC 
114000  CWC 
114100  CWC 
114200  CMC 
114300 
114400 
114500 
114600 
114700 
114800 


C(K)  =  PRODPC 
K  =  MtTHtM3+l 

SET  RCftD  EQUimENT  HOLRLY  COST  IN  OBJECTIVE  FACTION 

C(K)  =  -3^dzh: 

K  =  K+1 

SET  LANDING  CONSTRUCTION  HOURLY  COST  IN  OBJECTIVE  FUNCTION 
LANDING  CONSTRXTION  HOURLY  COST  =  ft»D  EQUITONT  HOti^LY 
COST  +  SYSTEM  MCVE  HOURLY  COST 

C(K)  =  -DZRHC(ILQZR)-SYS»C 
K  =K+1 


9>1SKHC= 
SMTKHC= 


SLM  OF  HOLRLY  SKIOOER  COSTS 
SLN  OF  H3URLY  TRXKING  COSTS 


C(K)  =  -3»1SKHC 
K  =K+1 
C(K)  =  -34TKHC 
K  =K+1 

SET  RIGHT  HAND  CONSTANTS  OF  FIRST  FIVE  EQUATIONS 
EQUAL  TO  0.0 

DO  778  1=1,5 
P(I)  =  0.0 
B(I)  =  0.0 
778  QDNFINLE 
'\(1,M3)=1.0 
K9=M(-t<tTHtl 


^ 


00  K8=W-2 

00  CWC 

00  (UC  STORE  CWFA  IN  "LiXJtT"  WTRIX  IN  "A"  WTRIX  TD  BE  USED 

00  CWC  IN  LP 

00  CWC 

00  DO  317  1=k8,K9 

OO  DO  242  J=1,M 

00  K=l-M-1 

00  A(J,I)  =  L09tT(J,K) 

00      242  CONTINUE 

00      317  CONTINUE 

00  CWC 

00  CWC  STORE  I  VALUES  INTO  "A"  WTRIX 

00  CWC 

00  K9  =  K9+1 

00  K8  =  K9+3 

00  J=l 

00  DO  467  I=K9,K8 

00  0=*! 

00  A(J,I)=-1.0 

00      467  ODNTINIE 

00  CWC 

00  CWC  STORE  CONSTRAINT  RELATIN3  TD  TRACK  VOLLNE  INTO  "A"  WTRIX 

tXl  CWC 

00  A(6,m)=1.0 

00  CWC 

00  (WC  STORE  TRACK  Vairt  INTO  "B"  WTRIX 

00  CWC 

'00  P(6)=TDTIVL 

00  B(6)=TDTIVL 

00  Ml  =  K3+1 

00  CWC 

,00  CWC  STORE  CONSTRAINT  RESTRICTING  SUM  OF  METHODS  TO  EQUftL  OfE 

!00  CWC 

100  DO  992  K=l,fi€TH 

100  A(7,M4)  =  1.0 

OO  W  =  Wl+1 

BO      992  CONTINUE 

'00  CWC 

iOO  CWC  STORE  1.0  INTO  "B"  l*TKIX 

100  CWC 

XX)  P(7)  =  1.0 

100  B(7)  =  1.0 

^X)  DO  5  J=1,N 

iOO  JJ=JVAR(J) 

100  5  CC(JJ)<(J) 

iOO  L-lt-l 

MO  DO  301  I=1,N 

'00  CKIKd) 

300  IVAR(!)=JWR(I) 

)00      301  CONTINUE 

XX)  CWC 

.00  CWC  STORE  BASIS  INTO  MATRIX 

MO  CWC 

iOO  DO  444  I=1,M 

100  A(I,I)=1.0 

OT      444  03NTINUE 

500      194  aiZM=-9.E30 

700  CWC 

300  CWC  CALCULATE  C-BAR  ROW 

300  CWC  OOIER  DO  LOOP  CONTT«XS  Cai>N5  IN  "A"  WTRIX 

XO  CWC  INNER  DO  LOOP  COTTOXS  SUWIN6  OF  EACH  ELENENT  OF  Cau* 

100  CWC 

200  DO  74  J«;=1,N 

300  7=0.0 

400  CWC  "Z"   IS  PRODUCT  OF  "A"  ARRAY  OXLMN  TI^ES  CB  ELEMENTS  CF  WTRIX 

500  CWC 

600  DO  75  I=1,M 

700        75  Z=Z+A(I,JVC)*CI(I) 

800  ac 

900  CWC    ENT  IS  C-BAR  ELEMENT  FOR  THAT  COLIMN 
000  CWC    CMZ  IS  ARRAY  THAT  KX.D6  C-BAR  ELENENTS 
100  CWC 

■200  ENT=C(J«;)-Z 

'300  CMZ(JVC)=ENT 

'400  CWC 

'500  OK    FIND  LARGEST  VALIf  IN  C-BAR  ROW  TO  USE  AS  PIVOT  Caiin 
!600  CWC    STORE  VALLf  CF  LARGEST  C-BAR  ELEftNT  IN  OEM  AND  STORE 
!700  CWC    PI«)T  OOLLMN  NLMEER  IN  KOUT 
!800  CWC 

?900  IF(C>1ZM.GT.ENT)G0  TO  74 

3000  CMZM=ENT 

3100  K0aT=J«: 

3200        74  (UNTINUE 
3300  CWC 

3400  CWC    IICRE^ENT  ITERATION  COCWTER  AND  «ITE  ITtRATION  MESSAGE 
3500  CWC 

3600  1T=1T+1 

3700  W<ni(KW,l)IT 

3800  IF(IREP.EQ.0)GO  TD  25 

3900  CWC 

1000  CWC    CALCULATE  Z  VALUE  AND  STORE   IN  VARIABLE  "VALLE" 
HOO  CWC 

1200      601  VALLE=0.0 
1300  DO  110  I=1,M 

1400      110  VALLE=VALUEt-P( I)*CI C I ) 
:il500  CWC 


124600  CWC    W^ITE  OUT  "A"  WTRIX  AS  If*>UrrE0  INTO  LP  PROGRAM 

124700  CWC 

124800  CJK 

124900  CJK      CEBUG  FORMAT  OPTION::::  IVIIS  FCRMAT  IS  HARD  TO 

125000  CJK      FOLLOW  BUT  SOWS  THE  INPUT  WTT^IX  IN  TME  FORM 

125100  CJK      USED  BY  RAVANCRIW  ::  SLACKS  AND  SURPLUS  FIRST 

125200  CJK      THEN  NORMAL  LP  VALUES 

125300  CJ3K 

125400  IF(LPCOE.EQ.1)I*1TE(KW,6001)M,N 

125500    6001  F0RMAT(25X,'ROWS  1  THRU  ',13,'     AND  COLUMNS  1  TVRU  ',13, 

125600  1'     IN  RAVINCRAN  LP  MATRIX',/) 

125700  DO  2456  K=1,M 

125800  IFCLPCD£.E0.1)V«ITE(KW,8456)  (A(K,JHA),JIA=1,N) 

125900    8456  FCRMAr(13F10.2) 

126000    2456  (DNTINUE 

126100    2457  ODNTINUE 

126200  CWC 

126300  CWC    W^ITE  OUT  TOP  THREE  CR  FOLK  LINES  OF  TABLEAU  WHICH  DOES 

126400  CWC    N3T  VARY  BY  NIMEER  OF  ^ETHOCS 

126500  CWC 

125600  W(ITE(KW,6000) 

126700    6000  F0RMAT(/,1X,128('*')) 

126800  WITE(K*I,6010) 

126900    6010  FCRMAT(1X,'*',4X,'*  *' ,7X,'*' ,99X,'*' ,11X,'*' ) 

127000  K2=f*ETm2 

127100  K2=MtTHm3+l 

127200  WITE(KW,6020)  C(M3),{C(1),1=K2,N) 

127300    6020  FGRMAT(1X,'*',4X,'*    *' ,2X,'CJ' ,2X,'*' ,1X,F8.2,49X,4(1X,F9.2), 

127400  llX,'*',3X,'RI&fT',3X,'*') 

127500  VRITC(KW,6030) 

127600    6030  F0RMAT(1X,'*',4X,'*  B  *',5X,'*' ,99X,'*' ,11X,'*') 

127700  WITH(KW,6040) 

127800    5040FiKMAT(lX,'*',4X,'*    A  *',4X,101( '*' ),3X,'HAND' ,4X,'*') 

127900  N3  =  MtTH-1 

128000  CWC 

128100  CWC    BRANCH  10  STATBtNT  MWIR  AND  OJflETH  OUTPUT  ACCQRDlrG 

128200  CWC    TO  THE  NLMKR  OF  ^ETHOaS 

128300  CWC 

128400  GO  TD  (7000,7010,7020), N3 

128500  CJK 

128600  CJK 

128700  rjK  CONTRa  GOES  TO  STATEMENT  NUMEER-  7000  IF  2  ItTFODS 

128800  CJK  CONTRa  GOES  TO  SFAIEMENT  NUMBER  7010  IF  3  ftHTDOS 

128900  CJK  CONTRX  GOES  TO  STATE>ENT  NLMIR  7020  IF  4  ^ETH30S 

129000  CJK 

129100  CJK 

129200  CWC 

129300  CWC    l*ITE  OLfT  TABLEAU  FCR  C0^PARISON  OF  TWO  rtTHOOS 

129400  CWC 

129500    7000  kRITE(KW,6060) 

129600    6060  FCRMAT(1X,'*',5X,'*    S*      •' ,9X,'*  ^nHOD    *  NETVDO    *' 

129700  1,29X,'*      $/HR    *      %m    *      S/HR    *      $/HR    *',11X,'*') 

129800  VRITT(KW,6O70) 

129900    6U70  FCRMAT(1X,'*',2X,'CB',2X,'*',2X,'I  *    *    (YO)       *',4X,'r,4X, 

130000  r*',4X,'2',4X,'*',29X,'*    ROADS    *      LAND    *      SKID    *', 

130100  2'     TRUCK    *  CONSTANTS  *') 

130200  W<ITE(KW,6O80) 

130300    6080  FCHMAT(1X,'*',7X,'*    S**',9X,'*    (Ml)      *    (M2)       *',29X, 

130400  1'*      (Zl)    *     (Z2)    *     (Z3)    *     (Z4)    *',11X.'*') 

130500  kfiITE(KW,6050) 

130600    6060  FCRMAT(1X,128('*')) 

130700  W^ITE(KW,6115) 

130800    6115  F0RMAT(1X,'*',9X,'*',4X,'*',99X,'*',11X,'*') 

130900  CWC 

131000  CWC    DO  LOOP  CONTROLS  PRINTlrC  OF  EACH  ROW  IN  MATRIX 

131100  CWC 

131200  00  8000  1=1, M 

131300  K=IVAR(I) 

131400  CWC 

131500  CWC    VARIABLES  USED  TO  OONTRa  OUTPUT.     VOU  HA\t  TD  THIN< 

131600  CWC    TD  FIGURE  OUT  THE  VALUES  THAT  ftED  TO  EE  ASSIGr£0  TO 

131700  CWC    THE  VARIABLES 

131800  CWC 

131900  N5=N9+1 

132000  N6=N5+1 

132100  WHG+l 

132200  CJK 

132300  CJK    OUTPUT  FCRMAT  FOR  LP  IN  CON\€X  FORM  BY  rCTHOO 

132400  CJK    A^D  HOCi^S  AND  r£AT  ItADINGS 

132500  CJK 

132600  M(1TE(KW,6090)  C(K),IVAR(I),A(I,^B),(A(I,J),J=^W,r6),(A(I,J), 

132700  1J=N6,N),P(1) 

132800    6090  FCKmT(lX,'*',lX,F7.2,lX,'*',lX,'X' ,I2,'*',3F10.2, 

132900  129X,4F10.2, ' *' ,1X,F9.2, IX, ' *' ) 

133000    8000  OONTINUE 

133100  W^ITE(KW,6115) 

133200  hRITE(KW,6100) 

133300    6100  FCRMATC IX, 128(' * ' ) ) 

133400  W<ITH(KW,6110) 

133500    6110  FCRMAT(1X,'*',14X,'*',99X,'*',4X,'Z  =',4X,'*') 

133600  CWC 

133700  CWC    WITE  C-BAR  ROW  OUT  IN  TABLEAU 

133800  CWC 

133900  W<nE{KW,6120)  (CMZ(J),J=K3,N),VALUE 

134000    6120  FCRM(\T(1X,'*',2X,'C-BAR  R0W',3X,'*' ,3F10.2,'*'.28X,4F10.2,1X, 

134100  IFll.O,'*') 

134200  GO  TD  ZOW 
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134300    7010  WITC(KW,6130) 

134400  QJC 

134500  OJC    *ITt  OUT  TABLEAU  FCR  0DW/«ISON  OF  T1«E  ^tTHXK 

134600  CWC 

134700    6130FQRMftT(lX.'*',5X,'*    S  *'.3X,'*  SELLING  '.SC*  ICTCO     •).'*', 

134800  120X,3C*      VW     '),'*' ,3X,'S/*' ,1X,'*M1X,'*') 

134900  W<ITH(KW.6140) 

135000    614OF0RMftT(lX,'*',2X,'CB',2X.'*'.2X,'I*    *  PRICE  $*' .4X,  1  .4X, 

135100  r«',4X,'2',4X,'*',4X,'3',4X/*',20X,'*    ROADS    *      LANO    *', 

135200  2'      SKIO    *     TRUCK  *  ODICTAMTS  *' ) 

135300  hRITC(KW,6150) 

135400    6150FCRWT(1X.'*',7X,'*    S**      (VD)     *    (Ml)      *    (M2)       *  .2X, 

135500  l'(M3)      *',20X,'*',3X,'(Z1)    *     (Z2)    *     (Z3)    *     (Z4)*', 

135600  211X,'",/,1X,128('*')) 

135700  CWC 

135800  CWC  00  LOOP  CONTRaS  PRINTING  OF  EACH  RW 

135900  CWC 

136000  00  8010  1=1, M 

135100  K  =  IVAfi(I) 

136200  CWC 

136300  CWC  VARIAfl.ES  USED  TO  CONTRa  OUTPUT 

136400  CWC 

136500     N6=N9tl 

136600     N6=N5+1 

136700     WW«+1 

136800     W?1TE(KW,6160)  C(K),IVAR(I),A(I,M3).(A{I,J),J=M4,r6),(A(I,J), 

136900    lv>N6,N),P(I)  ^,„  ^ 

137000  6160FCRWT(1X,'*',1X,F7.2,1X,'*',1X/XM2,'*',4F10.2.20X,4F10.2, 

137100    1F10.2,1X,'*') 

137200  8010  OONTINUE 

137300     W<ITE(KW,6115) 

137400     WirE(KW,6100) 

137500     W?ITE(KW,6110) 

137600  CWC 

137700  aiC  PRINTS  OUT  C-8AR  ROW 

137800  (X 

137900     W^ITE(KW,6190)  ((MZ(J),J=M3.N),VALLE 

138000  6190  F0RHAT(lX,'*',2X,X-aflR  ROW' ,3X,'*' ,4fl0.2,2OX,4F10.2, 

138100    IFU.O,'*') 

138200     GO  TO  7010 

138300  CWC 

138400  CWC    VRITE  OUT  TABLEAU  FCR  COWARISON  OF  FOLK  NEITOOS 

138500  CWC 

138600    7020  W?ITE(KW,6200) 

138700    6200FQRMAT(lX,'*',5X.'*    S  *' ,3X,'*  laiNG  ■,4( '*  tCTTOO     ').'*, 

138800  19X,4('*      $/HR    '),'*' .UX,'*' ) 

138900  kfiI7E(KW,6210)  ^        ,      ,,   , 

139000    6210FORMAT(1X,'*',2X,'CB',2X,'*',2X,'I  *    *  PRICE  S  ♦•,4X,T  ,4  X, 

139100  l'*',4X,'2',4X,'*',4X,'3'.4X,'*',4X,'4',4X,'*',9X, 

139200  2'*    ROADS    *      LAND    *      9<ID    *    TRUCK    ♦  CDf6TANTS  * ' ) 

139300  VfiITE(KW,6220) 

139400    6220  FORMAT!  IX. '*',7X,'*    S**      (VO)    *    (Ml)      *    (M2)      *' , 

139500  12X,'(M3)      ♦    (M4)      *',9X,'*     (Zl)    *     (Z2)    *     (Z3)    *', 

139600  23X,'(Z4)     *' ,11X,'*' ,/) 

139700  WITE(KW,6100) 

139800  WITE(KW,6115) 

139900  DO  8020  I=1,M 

140000  CWC 

140100  CWC    VARIAa_ES  USED  TO  CONTRa  OUTPUT 

140200  CWC 

140300  K  =  IVAR(I) 

140400  N5  =  N9+1 

140500  N6  =  N&tl 

140600  Ml  =  M3+1 

140700     W^!TE{KW,6230)  C(K).IVAR(I  ),A(1,NG),(A(I.J)„>M4,N5),(A(I,J), 

140800     1J4|6,N),P(I)  ,  , 

140900  6230FCRf'WT(lX,'*',lX,F7.2,lX,'*',lX,'XM2,'*'.5F10.2,9X,4F10.2, 

141000    1'*',1X,F9.2,1X,'*') 

141100    8020  OONTINUE 

141200  WITtiKW,6U5) 

141300  VR1TE(KW,6100) 

141400  W?ITE(KW,6110) 

141500  CWC 

141600  (WC    PRINTS  OUT  C  BAR  ROW 

141700  «C 

141800  kRITE(KW,6260)  (CMZ(J),U=^G,N),VALUE 

141900    6260  FCRmT(lX,'*',2X.'C-8AR  ROW' ,3X,'*',5F10.2,9X,4F10.2,'*', 

142000  IFU.O,'*') 

142100    7040  CONTINUE 

142200  kRITE(KW,6131) 

142300    6131  FCRMAT(1X,L28('*')) 

142400  CWC 

142500  CWC    CHECK  FOR  QPTIMSL  SaUTION 

142600  CWC 

142700  IF(CMZM.LT.£P)GD  TO  192 

142800  33  TO  801 

142900       25  IF(IT.EQ.1)Q0  TD  601 

143000       26  IF(O1ZM.LT.EPX30  ID  191 

143100      801  T>€TA=9.E30 

143200  CWC 

143300  CWC    CETERMlIt  PIVOT  ELE^ENT  IN  COLJtl. 

143400  OJC    00  LOOP  CONTRaS  SEARCH  TTTOUGH  ROWS 

143500  CMC 

143600  DO  812  1=1, M 

143700  F(A(I,KDUT).LE.EP)GO  TD  812 

143800  TH=P(I)/A(I,KOUT) 


143900  F(THETA.LT.TVI)GO  TD  812 

144000  CWC 

144100  CWC  VARIABLE  THETA  CONTAINS  VALUE  OF  PIWT  ELE^ENT  AFTER  DIVISION. 

144200  aiC  IRIN  CONTAINS  T>£  NLWflER  OF  THE  PIVOT  ROW. 

144300  CWC 

144400  THETA=TH 

144500  IRIN=I 

144600      812  OONTINUE 

144700  CWC 

144800  cue  CHECK  FCR  UNBOUNDED  SaUTIO^.     IF  FOlHD  W?ITE  'JUT  ^ESSAG£ 

144900  CWC  AND  £tC  PROGRAM 

145000  CWC 

145100  F(mETA.LT.9.0e20)GO  TD  507 

145200  «ITE(KW,102) 

145300  GO  TD  192 

145400      191  IF(IR£P.EQ.0)GO  TO  601 

145500  CWC 

145600  CWC  VARIABLE  PIWT  CONTAINS  PIVOT  ELE^ENT 

145700  CWC 

145800      507  PI\OT=A(IRIN,KDUT) 

145900  P(IRIN)=P(IRIN)/PIVOT 

146000  CWC 

146100  CWC  DIVIDE  PIVOT  ROW  BY  PIWT  ELEMENT 

146200  CWC 

146300  DO  521  >>1,N 

146400      521  A(IRIN,J)=A(lfelN,J)/PIWT 

146500  CWC 

146600  CWC  DO  ^ECESSARY  MATRIX  DIVISION  AFTER  PIWT  ELEftMT  AND  ROW 

146700  CWC  IS  FOCND.    OUTER  LOOP  OONTRaS  C0LIM6;  IW€R  LOOP 

146800  QK  OONTRaS  ROWS 

146900  CWC 

147000  00  522  J=1,N 

147100  IF(J.EQ.KDUT)GO  TD  522 

147200  DO  523  I=1,M 

147300  Fd.EQ.IRINXD  TO  523 

147400  A(I,J)=A(I,J)-A(I,KDUT)^(IRIN,J) 

147500     523  CONTINIE 

147600     522  OONTINUE 

147700  00  529  I=1,M 

147800  CWC 

147900  CWC  IF  STATEftNT  PROTECTS  PIWT  ELEMENT 

148000  OJC 

148100  IF(I.EQ.IRIN)G0  TD  529 

148200  CWC 

148300  CWC  CALCULATE  RIGHT-HAM)  CONSTANTS 

148400  a/c 

148500  P(I)=P(1)-P(IRIN)*A(I,K0UT) 

148600  CWC 

148700  CWC  ZERO  OUT  PIWT  OOLIMN 

148800  CWC 

148900  A(I,KOUT)=0.0 

149000      529  00tfl"INLE 

149100  EP=EP+.5E-6 

149200  CI(IRIN)<(KOUT) 

149300  IVAR(IRIN)=JW«{KOUT) 

149400  CWC 

149500  CWC  SET  PIWT  ELEMENT  TO  1.0 

149600  CWC 

149700  A(IRIN,KDUT)=1.0 

149800  GD  TO  194 

149900  CWC 

150000  CWC  V«ITE  OUT  SUMWy  GF  METHODS  PICKED  FRCH  LP 


PICKED 


150100  ac 

150200 

192  CONTINUE 

150300 

11=0 

150400  ac 

150500  aic 

ITOT  KEEPS  mCK  OF  NUMBER  OF  ftlHOOS  PICKED 

150600  CWC 

T5SIM  IS  TTIE  SUM  OF  THE  PROPORTION  OF  EACH  ^ETH0O  1 

150700  CWC 

150800 

ITOT=0 

150900 

I^MIP=0 

151000 

TSSLM=0.0 

151100 

00  9431  IFELm=l,25 

151200 

9431  CONTINUE 

151300 

DO  9433  IHELPY=1,4 

151400 

IARR(IHELPY)=0 

151500 

RC(IhELPY)=0.0 

151600 

LD(IHELPY)=0.0 

151700 

SK(MLPY)=0.0 

151800 

TK(IH£LPY)=0.0 

151900 

9433  CONTINUE 

152000 

SUNRPHO.O 

152100 

3JNRPCO.0 

152200 

3JMLPH=0.0 

152300 

9JM_PC=0.0 

152400 

9JMSPH=0.0 

152500 

SUMSPCO.O 

152600 

SUMTPH=0.0 

152700 

SUMTPC=0.0 

152800 

SUMTOT^O.O 

152900 

W*ITE(KW,6500) 

153000 

6500  FCRMAT(1X,16{ '*' ),57X,'*"' ,40X,12(  •*' ),/,lX,16( ' 

153100 

157X, '***', 40X,12('*'),/,1X,16('*'),9X, 

153200 

2'ABOVE  VALUES  IN  C-BAR  ROW' ,23X,'***' ,6X, 

153300 

3'ABOVE  VALUES  IN  C-8AR  ROW' ,9X,12( '*')./, 1X,16(  " 

153400 

49X,'ARE  PENALTY  COSTS' ,31X,'*"' ,6X, 

153500 

5'flRE  9HAD0W  PRICES' ,17X,12('*' ),/,lX,16C '*'),57X, 
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6iWX,12( '*' ),/,lX,16( '*' ),57X,'***' ,40X,12( '*' ), 
7/,lX,128C*')) 
WITE(KW,aM2)IT 
8042  FCRWT(lHi,2(/),37X,'/fTER  ',13,'   ITERATIONS  TWE  OPTIMIM' , 
llX.'SaUTION  COreiSTEO  OF:', 
1/,1X,128( '*' ) ,/,25X, 'ROftD' ,5X, 'RCWD' ,4X, 
2'LANDI^G  0[)NST',4X,'LAft)ING  a>6T' ,52X, 'TOTAL ' ,/, 
31X,  '^ETHOO'  ,6X,  '^eHOO'  ,5X, 'C0r6T'  ,4X,  'CONST'  ,4X, 
4'A^D' ,4X, 'SYSTEM' ,4X, 'AM)' ,4X, 'SYSTEM' ,3X, 'SKIDDING', 
54X, 'SKIDDING' ,4X, 'TRUCKING' ,4X, 'TRUCKING' ,4X,'^E^HX)' , 
6/,6X,'#',2X, 'PROPORTION', 
15X, 'HOlfiS ' ,4X, 'COSTS ' ,12X, 'HOi^S' ,12X, 'COSTS' , 
76X.'HOli<S'.7X, 'COSTS', 7X,'HOmS',7X, 'COSTS', 5X. 'COSTS',/) 
DO  1012  I=1,M 

00  1012  K=1,^^ET>^ 

K2=K+1 

F(IVflR(l).r£.K2)  00  TD  1012 

I1=IW 

UifiR(Il)=IVAR(l)-l 

TSU%TSSIM«-P(I) 

ITDT=ITUT+1 

PR0P(I1)=P(I) 

I2P=IAfiR{Il) 

RC(I2P)=U»CT{2,I2P)*PR0P(I1) 

LD(I2P)=L0GftT(3,I2P)*PR0P(Il) 

SK(I2P)=L0GrtT(4, I2P)*PR0P( 1 1 ) 

TK(I2P)=liXJ€T(5,I2P)*PR0P(Il) 

IfMIP=IWIP+l 

RC»CMC=ftC(I2P)*3«1DZHC 

LAMM:4XI(I2P)*(DZI«;(lLDZR)+SY5f«;) 

3<ICMC=SK(I2P)*^1SKHC 

TRLKMC=TX(I2P)*^TKHC 

3UMW=SUM<PHt-RC(I2P) 

3UIWC=SUr«PC+R0ACMC 

SUMJ'H=SUMJ'H+LD(I2P) 

SUMPC=SUMPC+Lfl«)MC 

SUM5PH=SIWSPH<-3<(I2P) 

SUf«=C=SUHSPC+3(ICMC 

3UMTPH=SUMTT^1K(I2P) 

SUMTPC=SUMTPC+TRLKMC 

TDTH*t=R0HCMC+LflKM;+9<ICMC+TRlXMC 

SLKTDT^UMTDT+TDTHW 

W<ITE(KW,a047)IWR(Il),PR0P(Il),RC(I2P),RCftCMC,LD(I2P), 
lUVO1C.SK(I2P),SKICMC,TK(I2P),TT*LKMC,T0TH*1 
8047  FCRMftT(3X,I4,6X,F6.2,lX,F9.1,lX,F8.0,8X,F9.1,9X,F8.0,2X, 

1F9.0,4X,F8.0,3X,F9.1,4X,F8.0,1X,F9.0) 
1012  ODNTINUE 

WiITE(KW  8CW8) 
SOW  FaRM(\T(12X,7('-'),lX,9('-'),lX,8('-'),8X,9('-'),9X, 

18('-'),2X,9('-'),4X,8('-'),3X,9('-'),4X,8('-'),1X,9('-')) 

VfiITE(KW,8049)TSSlM,SLFRPH,SUMyC,SlMJ'H,SUM.PC,SUMSPH, 
1 SUMSPC ,  SUMTPH ,  SlMTPC ,  SlMTDT 
8049  FGRWKIX, 'TOTALS: ',5X,F6.2,1X,F9.1,1X,F8.0,8X,F9.1,9X, 
1F8.0,2X,F9.0,4X,F8.0,3X,F9.1,4X,F8.0,1X,F9.0,/, 
21X,128('*')) 

GROSS>/=*TOOPC*TDTlVL 

GRSmC=GROSSV-VALl£ 

UNITHC4/ALLE/TDTIVL 

(J»HX=PRO0PC-UNITHC 

W!ITE(KW,8O55)GROSSV,PRO0PC 
8055  FCRMftT(2(/),lX.91('*')./,lX,'(A)  TOTAL  DELIVERD  PRICE', 
11X,'0F  HflRVESTEO  TIMER:' ,2X,F13.0,7X, 'UNIT  PRICE:' ,3X,F9. 2) 

kfilTE(KW,8060)GR3«:,atHUC 
8060  FCRMftT(lX,'(B)  TOTAL  HARVESTING  COSTS  (THOSE  CONSIDERED):' 
1,1X,F13.0,7X,'UNIT  COSTS: ',3X,F9.2,/,54X,7('-'),24X, 
27('-')) 

V«ITE(KW,8070)VALl£.LNITWC 
8070  FCRMHT(26X, 'DIFFERENCE:   {A)-(B): ' ,2X,F13.0,21X,F9.2,/, 
191("»')) 

CALL  SENS(N,M) 

STOP 

END 

3L)BR0lJTI^E  SEN5(N,M) 
C 
C*****THIS  SUBROUTINE  IS  J\£  EXECUTIVE  ROUTIft  TO  INITIALIZE  THE 


C 


SENSITIVITY  AWLYSIS. 

03W3N  C(25),P(25),CMZ(25),A(25,25).ZJ(25),IVAR(25),PC0ST(25) 
l,31AD0(25),a(25),aj(25),aP(25),a0(25),BUP(25),EL0(25) 
2,B(25),a(25),JVflR{25) 
3, 1ARR(4) ,PR0P(4) ,RC{4) ,LD(4) ,SK(4) ,TK(4) 


C***«FIRST,  THE  LIMITS  ON  EACH  C(J)  ARE  FOLND.  IF  X(L)  IS  A  a«\SIC 


VARIAELE,  THEN  SUBROUTINE  CBAS  IS  CALLED,  aT>£RWISE  SUBROUTirt 
CNONB  IS  USED  FOR  rONBASIC  X(L).  IF  X(L)  IS  BASIC,  tCl   IS  SET 
TO  1,  OTHERWISE  NCLE  REMAIf6  0. 

KO 
KW=6 
5  NCUE=0 
K=Ktl 
L=JW(K) 

F(K.GT.N)QO  TD  15 
DO  10  I=1,M 
KV=IVAfi(I) 

IF(L-KV)10,20,10 

20  «;uE=i 


163300 
163400 
163600 
163600 
163700 
163800 
163900 
164000 
164100 
164200 
164300 
164400 
164500 
164600 
164700 
164800 
164900 
165000 
165100 
165200 
165300 
165400 
165500 
165600 
165700 
165800 
165900 
166000 
166100 
166200 
166300 
166400 
166500 
166600 
166700 
166800 
166900 
167000 
167100 
167200 
167300 
167400 
167500 
167600 
167700 
167800 
167900 
168000 
168100 
168200 
168300 
168400 
168500 
168600 
168700 
168800 
168900 
169000 
169100 
169200 
169300 
169400 
169500 
169600 
169700 
169800 
169900 
170000 
170100 
170200 
170300 
170400 
170500 
170600 
1707U0 
170800 
170900 
171000 
171100 
171200 
171300 
171400 
171500 
171600 
171700 
171800 
171900 
172000 
172100 
172200 
172300 
172400 
172500 
172600 
172700 
172800 
172900 


10  CONTINUE 
F(NCUE-l)  25,30,25 

25  CALL  CN3NB(K,N,M) 

GO  TO  5 
30  CAa  CBAS(K,N,M) 

GO  TD  5 
C 

C*****^DW,SUEROUTIf£  BRANG  IS  CALLED  TO  DETERMI(£  THE  RANGES  ON  THE 
C    RIGHT  HAND  SICE  CONSTANTS  B(I). 
C 

15  CALL  8RANG(N,M) 
C 

C*****THE  FINAL  STEP  IS  TO  VfilTE  THE  RETORT.    FIRST,  THE  SHADOW  PRICES 
C         AND  PENALTY  COSTS  ARE  t«ITTEN.    rtXT,  THE  RANGES  ON  THE  BASIC 
C         AND  NONBASIC  C(J)  ARE  tfilTTEN.     THEN,  THE  B(I)  RANGES  WE 
C         DISPLAYED,  AM)  THE  SErfilTIVITY  ANALYSIS  IS  COMPLETED.     DURING  THE 
C         «ITE  ROUTINES,  THE  SUEROUTM  CHECK  IS  CALLED,  WHICH  CETERMIf£S 
C         IF  X(J)  IS  BASIC  OR  NMASIC  IN  THE  OPTIMIM  TABLEAU. 
C 

WITE(KW.IUO) 

WITECKW.IOOO) 

WITE(KW,101) 

WITE(KW,102) 

K=0 

11  K=K+1 
IF(K.GT.N)  GO  TD  31 
CALL  C«CK(K,NQLE,N,M) 
IF(NQl£-l)  21,11,21 

21  W)nE(KW,103)  JVAR(K),PCOST(K) 
CJ( 
CJC 
CJ< 
OX 
OK 
CJK 


WRITES  OUT  fCN-BASIC  VARIABLES  AM)  PENALTY  OUSTS 


GO  TD  11 
31  V«ITE(KW,149) 


CJ< 
CJC 
CJK 
CJK 
CJ< 


WITE5  OUT  ROW  Nll«ER  AM)  SHADOW  PRICES 


DO  Z2  1=1, M 
22  1*ITE(KW,103)  I,ZJ(I) 
WnE(KW,104) 
hRITE(KW,105) 
K=0 

IF(K.GT.N)  GO  TD  60 
CALL  OCCK(K,NQUE,N,M) 
IF(NQLE-l)  50,40,50 
50  WITE(KW,106)  JVAR(K),a(K) 


CJ< 
CJC 
CJ< 
CJC 
CJC 
CJC 


feRIlES  OUT  RANGES  ON  NDN-BASIC  C(J),  VARIABLE  OOOE 
MO  ITS  LOtR  LIMIT 


GO  TD40 
60  WITE(KW.107) 

lifiITE(KW,108) 

KO 
70  K=iC+l 

IF(K.6T.N)  GO  TD  90 

CAU  CHEQC(K,NQLE,N,M) 

IF(NQt£)  70.70,80 
80  kRITE(KW,109)JVAR(K).aO(K),QP(K) 
CJC 
CJC 

CJC    WITES  OUT  RANGES  ON  BASIC  C(J).  VARIABLE  LOtR  LIMIT,  AfC 
CJC    VARIABLE  IPPER  LIMIT 
CJC 
CJC 

GO  TO  70 
90  WITE(KW,110) 

VfilTE(KW.lll) 

00  95  1=1  ,M 

WITE(KW,112)  I,BLO(I).BUP(I) 
CJC 
CJC 
CJC    «ITES  OUT  V/WIABLE  COCE  AM)  IPPER  AMJLOtfR  LIMITQF  B(I) 

CJC 
CJC 

95  CONTINUE 

100  FCRt«T{lHl,25X.'SEJ6ITIVITY  ANALYSIS', 2(7), 
UOX.'NOTE:  VARIABLE  COCE  NWERS  USED  IN  SEieiTIVITY' ,/, 
210X, 'ANALYSIS  ARE  (CT  EASY  TO  CCRRO_ATE  WITH  OUTPUT'  J, 
310X,'CCLLM6  AM)  ROWS  FRCW  LP  MATRIX' y/, 

410X, 'USERS  FAMILAR  WITH  LP  SfOJU)  MSKE  CHANGES  IN',/, 

510x,'im^;t  costs  (cj)  wcresorce  Lwm  (bj)  td'./, 

610X,'EEa>C  F*I1L«  WITH  TT€  SENSITIVITY  ANALYSIS  AS  IT'^, 
710X,'APPLIB  TD  T\f.  CONVEX- ISOQUW-ttTHDO  FCRMJLAnON' y, 
fflOX.'USED  IN  L-O-S-T',//) 

101  FORMAT(10X,'NOI*-8ASIC'.12X, 'PENALTY') 

102  FCRMATaOX,'VAfiIAa.ES',13X,'COST',/) 
103Fa»1AT(13X,I2,UX,F12.3) 

104  FCRI*T(4(/),3X, 'RANGES  ON  NON-BASIC  C(J)',/) 
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173000 
173100 
173200 
173300 
173400 
173500 
173600 
173700 
173900 
173900 
174000 
174100 
174200 
174300 
174400 
174500 
174600 
174700 
174800 
174900 
175000 
175100 
175200 
175300 
175400 
175500 
175600 
175700 
175800 
175900 
176000 
176100 
176200 
176300 
176400 
176600 
176600 
176700 
176800 
176900 
177000 
177100 
177200 
177300 
177400 
177500 
177600 
177700 
177800 
177900 
178000 
178100 
178200 
178300 
178400 
178500 
178600 
178700 
178800 
178900 
179000 
179100 
179200 
179300 
179400 
179500 
179600 
179700 
179800 
179900 
180000 
180100 
180200 
180300 
180400 
180500 
180600 
180700 
180800 
180900 
181000 
181100 
181200 
181300 
181400 
181500 
181600 
181700 
181800 
181900 
182000 
182100 
182200 
182300 
182400 
18250U 
1826a3 


105  FCRMAT(10X,'VflRIAELE',UX,'LOWER  LIMIT',/) 
106FaRMftT(13X,I2,14X,F11.3) 

107  FCRMAT(4(/),3X, 'RANGES  ON  a(\SIC  C(J)',/) 

108  FORMAT! lOX, 'VARIABLE '.llX,' LOWER  LIMIT' ,11X, 'UPPER  LIMIT',/) 

109  F0RMAT(13X,I2,14X,F11.3,11X,F11.3) 

110  FGRMAT(4(/),3X, 'RANGES  ON  8(1)',/) 

111  FCRMAT(14X,'r,14X,' LOWER  LIMIT' ,11X, 'UPPER  LIMIT',/) 

112  FaRMAT(13X,I2,14X,F11.3,llX,F11.3) 

149  FCRHAT{3(/),13X, 'ROW' ,15X, 'SHADOW', /,12X, 'NUMBER', 13X, 

I'PRICES',/) 
1000  FORMAT( IX, 'SHADOW  PRICES  «E  CHANGE  IN  OBJEaiVE  FUNCTION', 
llX, 'VALUE  PER  UNIT  CHANGE ',/,6X,' IN  RIGHT  HAND  SIDE', 
21X, 'C0NSTKAINTS.',2(/), IX, 'PENi\LTY  COSTS  ARE  CHANGE', 
31X,'IN  OBJECTIVE  FUNCTION  VALl£  PER  LHIT',/,6X, 
4' INCREASE  IN  NON-BASIC  VARIABLES.' ,2(/),lX, 
5'RANSES  ON  C(J)  REPRESENT  LIMITING  VALUES  OF  COST', 
61X,'C0FFICIENTS  TWT' ,/,6X,'WILL  NDT  CHANGE  THE  OPTIMUM', 
7iX,'SauriON',2(//),2X,'RANG£S  ON  B(I)  REPRESENT  LIMITII*', 
81X, 'VALUES  OF  RIGHT  H(\ND  SIDE  C0t6TOAINTS',/,6X,'T>WT  WILL', 
91X,'N0T  OIANGE  OPTIMLN  BASIC  VARIABLES. ' ,2(/)) 
RETURN 

Erti 

SLIBROUTirf  (>IECK(K,NQLE,N,M) 

COrWON  C(25),P(25),CMZ(25),A(25,25),2J(25),IVAR(25),PC0ST(25) 
l,SmD0(25),a(25),CU(25),CUP(25),a0(25),BLP(25),a.0(25) 
2,B(25),CC(25),JVAR(25) 
3, IARR(4) ,PR0P(4) ,RC(4) ,LD(4) ,SK(4) ,TK(4) 
C 
C*****THIS  R0l;TI^E  CHECKS  TO  SEE  IF  WE  INDEX  Of  X(L)  WTCHES  THE 


C  INDEX  OF  ANY  CF  T>€  OPTIMO^  Bl\SIC  VARIABLES.     IF  THERE 

C  IS  A  MATCH,  NQLE  IS  SET  TO  1,  OTFCRWISE  A  VALUE  OF  ZERO  IS 

C         RETURItD. 
C 

U=JVAR(K) 

lt)UE=0 

00  10  I=1,M 

KV=IVAfi(I) 

IF(U-KV)  10,20,10 
20  NQLE=1 
10  03NTINUE 

RETURN 

Em 

aJBRGUTINE  CN3NB(K,N,M) 
C 

C*****THIS  ROUTirE  DETERMINES  T>IE  LOWER  LIMIT  FOR  NONBASIC  C(J). 
C         THE  METHOD  USED  IS  TO  FIND  THE  MINIMUM  VALUE  OF  C(J)  SUCH  THAT 
C         C8AR(J)  IN  THE  OPTIMUM  TAELEAU  REMAINS  t£GATIVE,  THUS  MAINTAINING 
C        OPTIMPLITY  CF  THE  ORRENT  SaumON. 
C 

OaMtlNC{25),P(25),OIZ(25),A(25,25),ZJ(25),IVAR(25),PCOST(25) 
l,SHAD0(25),a(25),CUI(25),ajP(25),a0(25),aP(25),BL0{25) 
2,B(25),CC(25),JVAR(25) 
3,IARR{4) ,PR0P(4; ,RC(4) ,LD{4) ,SK(4) ,TX(4) 
J=l 
ZZ=0. 
10  KV=IVAR{J) 

ZZ=ZZtCC(KV)*A(J,K) 
J-Jt-1 

IFCJ.GT.M)  GO  TD  20 
GO  TO  10 
20  CL(K)=Z2 
CU(K)=999999. 
C 
C*****Il^aUD£D  IN  THIS  ROLITINE  IS  THE  IDENTIFYING  OF  THE  PENALTY 


C         COST  OF  THE  NONBASIC  VARIABLES.     IT  SHOULD  BE 

C         N3TED  THAT  IF  THE  PENALTY  COST  OF  ANY  rONBASIC  X(J)  IS  ZERO, 

C         THE  PROBLEM  HAS  AN  ALTERNATIVE  OPTIMIM  SaOTION  USING  X(J). 

C 

PCOST(K)=CMZ(K) 

RETURN 

Etc 

SUBROUTirf  CBAS(K,N,M) 
C 

C         THIS  SUBROt/TItC  DETFRMIItS  THE  RANGE  ON  0PTIM9L  BASIC  C{J) 
C 

DIMENSION  ZS(60) 

0*MON  C(25),P{25),CMZ(25),A(25,25),ZJ(25),IVAR(25),PCOST(2b) 
l,SHAD0(25),a(25),CU(25),CUP(25),aO(25),ajP(25),ELO(25) 
2,B(25),CC(25),JVAR(25) 
3, IARR(4) ,PR0P(4)  ,RC(4)  ,LD(4)  ,SK(4)  ,TK(4) 
C 

C*****FIRST,  A  f«(lMlW  LIMIT  IS  SET  ON  THE  UPPER  AND  LOWER  BOIUD 
C         FCR  C(J).     IF  THE  FINAL  RESULT  IN  THE  OUTPUT  IS  THIS 
C         MAXlMtM  VALlf  IT  CAN  BE  ASSUMED  THAT  THE  LIMIT  DOES  NOT  EXIst. 
C 

ajP(K)=999999. 

a0(K)=-999999. 


C*****THE  LIMITS  ON  BASIC  C(J)  ARE  DETERMINED  BY  THE  VALUES  OF  THE 
C         NONBASIC  C( J) 'S.     EACH  NONBASIC  C( J)   IS  TREATED  SEPARATELY,  AND 
C         A  LIMIT  ON  C(J)  IS  DETERMINED  BY  FINDING  THE  MAX  OR  MIN  VALUE 
C         C(J)  MAY  HAVE  IN  ORDER  TO  MAINTAIN  THAT  CBAR(J)  NEGATIVE. 


182700 
182800 
182900 
183000 
183100 
183200 
183300 
183400 
183500 
183600 
183700 
183800 
183900 
184000 
184100 
184200 
184300 
184400 
184500 
184600 
184700 
184800 
184900 
185000 
185100 
185200 
185300 
185400 
1855U0 
185600 
185700 
185800 
185900 
186000 
186100 
186200 
186300 
186400 
186500 
186600 
186700 
186800 
186900 
187000 
187100 
187200 
187300 
187400 
187500 


C*****ZS(J)  IS  THE  VALUE  OF  THE  SUM  OF  THE  IWER  PRODUCTS  OF  CB  AND 


C         ABAR,  EXaiDING  THE  TFRM  INVaVING  THE  BASIC  C(J). 
C 

ZS(J)=0. 

1=0 
15  1=1+1 

IF(I.GT.M)  GO  TD  20 

IF(J«AR(J).EQ.IVAR(I))  GO  TD  10 

GO  TD  15 
20  U=0 
22  U=U+1 
25  IF(U.GT.M)  GO  TD  30 

LV=IVAR(L) 

IF{LV.EQ.J\«R(K))  GO  TD  35 

ZS{J)=ZS(J)+a(LV)*A(L,J) 

GO  TD  22 
35  NI=L 

GO  TD  22 
C 

C*****F  A(NI,J)  IS  SMALL,  IT  IS  IGNORED  BECAU5E  IT  APPEARS  IN  THE 
C 
C 
C 
C 
C 
C 


CEIOIINATOR.    OTFERWISE,   IF  IT  IS  POSITIVE,  A  UOWER  LIMIT  IS 
FOUND,  AND  IF  IT  IS  fCGATIVE,  AN  UPPER  LIMIT  IS  FOUND.     THESE 
VALL£S  ARE  THEN  CCT^'ARED  TO  THE  PRESENT  LIMITS.     IF  THEY  ARE  MORE 
RESTRICTIVE  THAN  THE  PRESENT  UIMITS,  THE  PRESENT  UIMITS  ARE 
REVISED. 

30  IF(ABS(A(NI,J)).UT.l.E-08)  GO  TD  10 

IF(A(NI,J))  40,10,50 
40  Taj=  (C(J)-ZS(J))/A(NI,J) 
IF(TCU.LT.QJP(K))  CUP(K)=TCU 
GO  TD  10 
50  Ta=  (C(J)-ZS(J))/A(NI,J) 
IF(Ta.GT.aO(K))  CUO(K)=Ta 
00  TD  10 
75  CONTINUE 
RETURN 
Ef* 

SJBR0l;TI^E  BRANG(N,M) 
C 

C*****TriIS  ROUTINE  OETEWINES  THE  RANGES  ON  ALL  B(l). 
C 

0I^EN5I0N  PPRI^E(40) 

CDTMON  C(25),P(25),CMZ(25),A(25,25),ZJ(25),IVAR(25),PC0ST{25) 
l,SHAD0(25),a(25),CU(25),aP(25),CL0(25),BLP(25),EL0(25) 
2.B(25),CC(25),J«AR(25) 
3,IARR(4),PR0P(4),RC(4),LD(4),SK(4),TK(4) 
K=0 
30K=(<+1 

IF(K.GT.M)GD  TD  35 


187600  C 

187700  C*****INITIAL  iPPER  AND  LOl£R  BOUCS  ON  B{K)  ARE  SET 

187800  C 

187900 

188000 

188100 

188200 

188300 

188400  C 

188500  C*****PPRI^E  IS  THE  VALIE  OF  THE  SUM  OF  THE  INTER  PRODUCT  B- INVERSE 

188600 

188700 


BUP(K)=999999. 
BLOCK )=-999999. 
1=0 
20  1=1+1 

IF(I.GT.M)  GO  TD  30 


Tilts  B(I),  ExaiDINS  THE  TERM  INvaVING  THE  B(K)  Vt  ARE  FINDING 
LIMITS  FOR. 


188900 
189000 
189100 
189200 
189300 
189400 
189500 
189600 
189700 
189800 
189900 
190000 
190100 
190200 
190300 
190400 
190500 
190600 
190700 
190800 
190900 
191000 
191100 
191200 


PPRirt(I)=0. 

>0 
10  J=Jfl 

IF(J.GT.M)  GO  TD  25 

IF(J.EQ.K)QD  TD  15 

PPRIltd  )=PPRM(I)+A(I.J)*B(J) 

GO  TO  10 
15  NI=J 

GO  TD  10 
C 

C*****IF  Ad.NI)  IS  Sm.L,  IT  IS  IGNORED.     PRESENT  LIMITS  ARE  THEN 
C         REVISED  IF  1MPR0VE^ENTS  ARE  POSSIBLR. 
C 

25  IF(ABS(A(I,NI)).LT.l.E-8)  GO  TD  20 
F(A(I,NI))  26,20,27 

26  Taj-PPRir€(I)/A(I,NI) 
IF{TBU.LT.BUP(K))  BUP(K)=TBU 
GO  TD  20 

27  TH_=-PPRMC1)/A(I,NI) 
IF(TBL.GT.ELO(K))  BLO(K)=TBL 
GO  TO  20 

35  RETURN 


/GO 


data  cards  go  here 


// 


J=0 
10  >J+1 

IF(J.GT.N)  GO  TD  75 


66 


Roger,  Jerry  L.  and  Webster,  Dennis  B.  1984.  L-O-S-T:  Log- 
ging Optimization  Selection  Technique.  U.  S.  Dept.  of 
Agric.  For.  Serv.  Res.  Pap.  SO-203,  66  p.  South.  For.  Exp. 
Stn.  New  Orleans,  La. 

L-O-S-T  is  a  FORTRAN  computer  program  developed  to 
systematically  quantify,  Einalyze,  and  improve  user  selected 
harvesting  methods.  Harvesting  times  and  costs  are  com- 
puted for  road  construction,  leinding  construction,  system 
move  between  landings,  skidding,  and  trucking.  A  linear 
progrEimming  formulation  utilizing  the  relationships  among 
marginal  analysis,  isoquants,  and  the  harvesting  methods  is 
used  to  estimate  and  select  the  harvesting  procedure  having 
maximum  profits. 

Additional  keywords:  optimization,  harvesting,  computer 
program,  roadbuilding,  skidders,  hauhng. 
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Sweetgum  Volume 
and  Weight  Tables 


Bryce  E.  Schlaegel 


SUMMARY 

Volume  and  weight  tables  were  constructed  from  a  54-tree  sample  of  sweet- 
gum  (Liquidambar  styraciflua  L.)  taken  in  the  Mississippi  Delta.  The  tables 
present  cubic-foot  volume,  green  weight,  and  dry  weight  of  bole  wood,  bole 
wood  plus  bark,  and  total  tree  excluding  leaves  above  a  1-foot  stump  as  pre- 
dicted from  the  allometric  model  Ln  Y  =  bo  +  biLn(D-H).  Merchantable  bole 
volume  and  weight  estimates  can  be  made  to  any  outside  bark  diameter  hmit. 
More  precise  bole  estimates  can  be  obtained  from  equations  using  upper  bole 
diameters  taken  at  relative  heights  of  25,  33,  and  50  percent  of  total  tree 
height. 


Sweetgum  Volume  and  Weight  Tables 

Bryce  E.  Schlaegel 


INTRODUCTION 

Sweetgum  (Liquidambar  styraciflua  L.)  grows  in 
the  United  States  from  Connecticut  southward 
throughout  the  East  to  central  Florida  (except  for  the 
high  mountains),  east  to  Texas,  north  through  Arkan- 
sas and  southeastern  Missouri  to  southern  Ilhnois, 
Indiana,  Ohio,  and  West  Virginia  (Little  1979)  (fig.  1). 
It  is  very  tolerant  of  different  soils  but  grows  best  on 
the  rich,  moist  clay  and  loam  soils  of  river  bottoms. 
On  good  sites  it  can  develop  a  large,  clear  bole,  reach 
a  height  of  140  feet,  and  have  a  dbh  in  excess  of  36 
inches.  Commonly  the  trees  reach  heights  of  100  to 
120  feet  with  dbh  ranging  from  24  to  28  inches. 

In  recent  years  there  has  been  considerable 
demand  for  volume  and  weight  tables  for  bottomleind 
hardwood  species.  This  paper  is  the  fifth  in  a  series  of 
six  giving  both  volume  and  weight  tables  for  some  of 
the  major  bottomlEind  hardwood  species.  The  other 
five  species  in  the  series  are  willow  oak  (Quercus  phel- 
los  L.)  (Schlaegel  1981),  Nuttall  oak  (Q.  nuttallii  Pal- 
mer) (Schlaegel  and  Willson  1983),  sugarberry  (Celtis 
laevigata  Willd.)  (Schlaegel  1984a),  overcup  oak  (Q. 
lyrata  Walt.)  (Schlaegel  1984b),  and  green  ash  (Fraxi- 
nus pennsylvanica  Marsh.)  (Schlaegel  1984c). 

METHODS 

The  data  were  collected  from  10  natural  bottom- 
land heirdwood  steinds  in  west-central  Mississippi. 
St£inds  were  either  even-  or  uneven-aged  with  a  mixed 
species  composition.  Each  steind  was  measured  for 
species  composition  and  diameter  distribution;  54 
trees,  ranging  in  dbh  from  1  through  33  inches,  were 
chosen  for  destructive  sampUng.  The  seimple  con- 
sisted of  growing  stock  trees  from  both  the  overstory 
and  understory  with  healthy  crowns  and  no  visible 
signs  of  disease  or  decay.  When  available,  three  trees 
were  selected  from  each  1-inch  diameter  class.  Cut- 
ting was  done  throughout  the  year. 

Stump  height  and  total  height  were  measured  on 
each  felled  sample  tree.  Disks  about  1-inch  thick  were 


cut  from  the  bole  at  regular  intervals  from  the  stump 
to  the  top  of  the  tree.  These  were  then  sealed  in  sepa- 
rate polyethylene  bags  for  laboratory  determination 
of  moisture  content  and  specific  gravity.  The  first 
disk  was  at  stump  height  and  the  remainder  at  5-foot 
intervals  measured  from  ground  level  for  trees  5 
inches  dbh  £ind  larger  and  at  3-foot  intervals  for  trees 
smaller  than  5  inches  dbh.  All  Hmbs,  including  leaves, 
were  weighed  on  49  of  the  trees. 

In  the  laboratory,  both  wood  and  bark  moisture 
content  and  specific  gravity  were  determined  as  fol- 
lows: 

1.  Wood  and  bark  were  separated  with  a  hammer 
and  chisel. 

2.  Each  component  was  weighed  green. 

3.  Both  wood  and  b£irk  were  soaked  in  water  for  at 
least  an  hour  to  ensure  complete  sweUing. 

4.  Volumes  were  obtained  by  immersion  (Hein- 
richs  and  Lassen  1970). 

5.  Wood  £ind  bark  were  dried  in  a  forced-air  oven 
at  105°C  for  at  least  48  hours. 

6.  Wood  or  bark  moisture  content  = 

green  weight  -  ovendry  weight 
ovendry  weight 

7.  Specific  gravity  = 

ovendry  wood  or  bark  weight  (g) 
green  wood  or  bark  volume  (cm') 
Average  tree  moisture  content  and  specific  gravity 
were  calculated  from  weighted  averages  of  the  disk 
moisture  content  and  specific  gravities;  each  disk 
specific  gravity  or  moisture  content  was  weighted  by 
its  squared  average  diameter. 

Taper  functions  (Schlaegel  1981,  Schlaegel  and 
Willson  1983)  of  the  form 

Y  =  b,(X'  -  1)  +  b,(X=  -  1)  +  . . .  +  b,,(X^  -  1) 
where 

Y  =  d/D, 

d  -  diameter  at  height  h  on  the  bole, 
D  =  dbh, 
X  =  h/H, 

h  =  height  from  ground  to  a  specific  measure- 
ment point. 


Bryce  E.  Schlaegel  is  Principal  Mensurationist  at  the  Southern  Hardwoods  Laboratory,  maintained  at  StonevUle.  Mississippi,  by  the  South- 
ern Forest  Experiment  Station,  Forest  Service— USDA.  in  cooperation  with  the  Mississippi  Agricultural  and  Forestry  Experiment  Station 
and  the  Southern  Hardwood  Forest  Research  Group. 


H  =  total  height, 

b,  =  coefficients  estimated  for  each  tree  by  linear 
regression;  i  =  1,  2, . . .  p;  4<p<7, 
were  calculated  for  each  tree,  both  inside  and  outside 
bark.  Cubic-foot  volumes  were  obtained  for  each  tree 
by  integrating  the  taper  function  to  heights  of  spe- 
cific top  diameters  to  obtain  both  total  and  merchant- 
able bole  volumes.  Bole  green  and  dry  weights  were 
calculated  from  estimated  tree  volume  and  weighted 
average  tree  density  and  moisture  content. 

AUometric  regression  equations  were  used  to  esti- 
mate volume,  green  weight,  and  dry  weight  of  bole 
wood,  bole  wood  plus  bark,  and  bole  wood  plus  bark 
plus  limbs. 

RESULTS 

Characteristics  of  the  trees  used  in  this  study  are: 

Average  Range 

Dhh(in)  14.0  0.9-32.5 

Total  height  ^/f^  80  13-128 

Wood  moisture  content 

(percent)  119  97-150 


Bark  moisture  content 

(percent) 

100 

62- 

-216 

Wood  specific  gravity 

0.469 

0.256- 

-0.523 

Bark  specific  gravity 

0.418 

0.270- 

-0.569 

Wood  +  bark  green 

density  ^Z6//"fV 

62.46 

43.46- 

-66.41 

Wood  +  bark  dry 

density  ('Z^Z/'t^;) 

28.85 

17.76- 

-32.15 

Wood  +  bark  moisture 

content  (percent) 

117 

102- 

-154 

Wood  +  bark  specific 

gravity 

0.462 

0.284- 

-0.515 

Individual  tree  volumes  and  weights  were  fitted  to 
the  allometric  model: 

Ln(Y)-bo  +  b,Ln(D'H)  (1) 

where 

Y  =  the  volume  or  weight  variable  of  interest, 

Ln  is  a  natured  logarithm; 

bo  and  b,  are  coefficients  estimated  from  the 

data. 
Estimates  of  the  coefficients  bo  and  b,  are  pre- 
sented in  table  1  for  predicting  cubic  foot  volume  and 
green  and  dry  weight  of  bole  wood,  bole  bark,  total 


Figure  I.— The  range  of  suieetgum  (Fowells  1965).  (F-506604) 


bole,  and  totEil  tree  excluding  leaves.  Additional  sta- 
tistics presented  are  the  component  average,  fit 
index,  regression  standard  error  of  estimate  (SJ  based 
on  residuals  after  converting  to  actual  units,  and  coef- 
ficient of  variation  (C.V.)  of  predictions  in  arithmetic 
units.  Fit  index,  which  is  similar  to  R^  is  used  to 
judge  equation  efficiency  when  the  dependent  varia- 
ble has  been  transformed  (Farrar  1978)  and  is  calcu- 
lated in  untransformed  units  from  the  total  and  resi- 
dual sums  of  squares.'  The  fit  index  and  R^  are  equal 
when  a  simple  linear  regression  analysis  is  performed 
on  an  untransformed  dependent  variable. 

Fit  indices  range  from  0.933  for  dry  bole  bark 
weight  to  0.982  for  dry  total  bole  weight.  A  fit  index 
of  1.0  indicates  that  predictions  can  be  made  without 
error  with  the  data  used  to  fit  the  model;  a  value  close 
to  1  is  desirable.  Coefficients  of  variation,  which  are 
indices  of  relative  precision  of  prediction,  range  from 
25.1  percent  for  dry  bole  bark  weight  to  14.5  percent 
for  total  bole  volume. 

Using  measures  of  individual  tree  dbh  and  total 
height,  estimates  can  be  made  using  table  1  for  tree 
volume  (given  in  table  2),  green  weight  (given  in  table 
3),  and  dry  weight  (given  in  table  4)  for  bole  wood, 
bole  wood  plus  bark,  and  for  bole  wood  plus  bark  plus 
hmbs  excluding  leaves. 

The  equations  were  developed  using  trees  from  a 
limited  geographic  range  compared  to  the  total  range. 
Therefore,  predictions  may  be  less  precise  when  the 
equations  are  applied  in  other  parts  of  the  range. 
Using  an  upper  bole  diameter  measurement  in  addi- 
tion to  dbh  as  described  later  should  alleviate  this 
problem. 

MERCHANTABLE  BOLE  ESTIMATES 

The  merchantable  bole  is  defined  as  the  tree  bole 
from  a  1-foot  stump  to  a  specified  top  diameter,  ignor- 
ing limbs.  Merchantable  bole  volume  or  weight  can  be 
expressed  as  a  proportion  of  the  total  bole  by  a  gener- 
alized form  of  the  logistic  model 

R,  =(1.0 +e"'^V'  (2) 

where 

Ri  =  ratio  of  merchantable  bole  volume  or  weight 
to  total  bole  volume  or  weight,  where  I  =  top 
outside  bark  diameter  of  merchantable  bole, 
X=(D-d|)/D, 

D  =  tree  dbh  outside  bark,  and 
d|  =  outside  bark  top  diameter. 
For  a  specific  top  diameter,  the  ratio  of  merchanta- 
ble bole  to  total  bole  is  the  same  for  volume,  green 
weight,   dry  weight,   and  inside   and  outside  bark 
(Schlaegel  and  Willson  1983). 


Model  2  was  fitted  to  the  overcup  oak  data  for 
trees  >4.6  inches  dbh,  with  f(X)  =  bo+  b,X-i-  b^X'-i- 
bjX'  -I-  b4X\  Inverting  (2)  and  taking  the  natural  log- 
arithm results  in 


H'-^) 


=  bo+  b,X+  b2X-'+  b,X'+  b.X^; 


■FI  =  {1-[E(Y,- Y,)']/[E(Y,-  Y)']} 


this  was  solved  using  multiple  linear  regression  tech- 
niques giving: 

Ri  =  [1.0  +  EXP  (0.78495  +  10.76197  X 
-77.22807  X=  +  121.11402  X^ 
-65.62841X^)1'  (3) 

with  fit  index  =  0.935  and  Se  =  0.047;  EXP  is  the  base 
of  the  natural  logarithm  and  equals  2.71828. 

Volume  or  weight  to  any  top  diameter  (V,)  is  found 
by  multiplying  the  ratio  estimate  obtained  from  (3) 
by  a  total  bole  volume  or  weight  estimate  from  either 
table  2,  3,  or  4: 

V,=  RrV.r, 
where  V^  is  the  total  bole  volume  or  weight  of  inter- 
est. 

IMPROVED  TOTAL  BOLE 
ESTIMATES 

The  precision  of  the  merchantable  bole  estimate 
depends  upon  accuracy  in  measuring  total  bole.  Total 
bole  estimates  can  be  significantly  improved  by  mea- 
suring one  or  two  additional  diameters.  Tables  5  and 
6  give  regression  statistics  for  total  bole  volume  and 
weight  under  two  different  model  forms: 

Ln(Y)-b„  +  b,Ln(DD,,H)  (4) 

and 

Ln(Y)  =  bo  +  b,  Ln[(D-D,,+  D^j•H]  (5) 

where  D,  H,  and  Y  are  as  defined  previously,  and  D,„ 
D,„  and  D,,,  are  diameters  measured  outside  the  bark 
at  one-third,  one-half,  and  one-fourth  the  total  height. 

Statistics  from  tables  5  and  6  show  the  significant 
(oc  =0.05)  improvement  over  the  previous  D'H  equa- 
tions of  table  1.  Measuring  one  additional  diameter  at 
one-third  the  tree  height  reduces  S^  for  bole  wood  vol- 
ume, toted  bole  volume,  green  bole  wood  weight,  total 
green  bole  weight,  dry  bole  wood  weight,  and  total 
dry  bole  weight  by  42,  43,  36,  39,  38,  and  40  percent, 
respectively.  Other  standard  errors  are  reduced  but 
not  significantly. 

Measuring  two  upper  bole  diameters  at  one-fourth 
and  one-half  total  height  will  result  in  further  signifi- 
cant increases  in  precision.  Improvements  over  the 
D^H  model  range  from  53  to  70  percent  for  bole  wood 
and  total  bole  volume  and  weight. 

Taking  additional  bole  measures  means  a  higher 
inventory  cost,  since  more  time  will  be  spent  at  each 
tree,  but  most  of  the  inventory  cost  is  in  traveUng  to 
the  candidate  tree.  Data  presented  in  this  paper  allow 
total  and  merchantable  bole  estimates  to  be  made 
with  high  reliability.  Each  user  has  to  decide  when 
increased  precision  is  needed  and  whether  the  need 
offsets  the  higher  cost. 


LOCAL  VOLUME  TABLES 


LITERATURE  CITED 


There  are  many  occasions  when  the  only  tree  varia- 
ble available  is  dbh,  or  perhaps  only  a  rough  estimate 
of  tree  volume  or  weight  is  needed.  In  these  cases  a 
local  volume  table  will  suffice.  Table  7  gives  the  sta- 
tistics needed  for  estimating  by  the  local  volume 
table  technique.  However,  it  must  be  realized  that 
estimation  precision  may  be  considerably  lessened. 
The  local  volume  or  weight  model  is 

Ln(Y)  =  bo  +  b,Ln(D').  (6) 

Precision  is  significantly  (oc  =  0.05)  reduced  when 
only  dbh  is  used  to  predict  £dl  measured  portions  of 
the  tree  except  bark. 


CALCULATING  CONFIDENCE  LIMITS 


Confidence  limits  ((1-oc)  percent  confidence  lim- 
its) of  individual  predictions  can  be  calculated  using 
the  statistics  presented  in  table  8.  Clark  et  al.  (1980) 
used  the  technique  of  Land  (1972)  to  estimate  approx- 
imate confidence  limits  for  lognormal  means  of  scar- 
let oak: 


YuL=EXP 


'y  X       -I  '/-  ^ 


where: 


Yu  L.  =  upper  and  lower  limits  for  Y, 
EXP=  base   of  natural   logarithm;    EXP    = 
e  =  2.71828, 
Y  =  predicted  volume  or  weight  of  compo- 
nent, 
Z<^,2=  value  for  the  upper    oc/2   percentage 

point  from  the  steindard  normal  table, 
Sy  x=  standard  error  of  estimate  for  predic- 
tion equation, 
n=  number    of    observations    used    to 
_     develop  the  equation, 
_X  =  sample  mean  of  Ln(X), 
i;(X  -  X)^  =  corrected  sum  of  squares  for  Ln(X), 

X-  Ln(D^H);  D  =  dbh  and  H  =  total  height 
of  tree  for  which  Y  is  predicted. 
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Table  1.— Regression  statistics  for  predicting  sweetgum  tree  volumes  and  weights  using  dbh  and 
total  height- 


Average 

Fit 

C.V. 

Component 

Y 

bo 

b, 

index- 

Se' 

percent' 

Volume  (cubic  feet) 

Bole  wood 

48.5 

-6.048 

0.97280 

0.981 

7.30 

15.1 

Bole  bark 

5.8 

-7.123 

0.87919 

0.935 

1.41 

24.2 

Total  bole 

54.3 

-5.778 

0.95842 

0.982 

7.89 

14.5 

Total  tree, 

74.0 

-5.658 

0.96634 

0.972 

12.55 

17.0 

excluding 

leaves 

Green  weight  (pounds) 

Bole  wood 

3173 

-2.062 

0.99191 

0.979 

512 

16.1 

Bole  bark 

293 

-3.138 

0.87359 

0.940 

68 

23.1 

Total  bole 

3466 

-1.797 

0.97525 

0.980 

535 

15.4 

Total  tree, 

4719 

-  1.682 

0.98331 

0.971 

823 

17.4 

excluding 

leaves 

Dry  weight  (pounds) 

Bole  wood 

1460 

-2.926 

1.00069 

0.981 

222 

15.2 

Bole  bark 

163 

-4.317 

0.93023 

0.933 

41 

25.1 

Total  bole 

1623 

-  2.693 

0.98877 

0.982 

238 

14.6 

Total  tree. 

2212 

-2.579 

0.99672 

0.975 

362 

16.4 

excluding 

leaves 

'Volumes  and  weights  of  trees  from  a  1-foot  stump  to  the  tree  tip,  using  Ln(Y)  ■- 
D  =  dbh,  H  =  total  tree  height. 

^Fit  index  =  1.0  -  (E(Y  -  Y)'  /  UY  -  Y)'],  using  untransformed  values. 
'Se=  [E(Y- Y)''/(n-2)]  ',  using  untransformed  values. 
'Coefficient  of  variation  =  100  Se  /  Y. 


b„  +  b,  Ln(D-H); 


Table  2.- 

—Cubic-foot  volume  for  sweetgum  bole  wood,  bole  wood  plus  bark,  and  total  tree' 

Total  height  in  feet 

Dbh 

10            20            30            40             50              60              70               80                90 

100 

110 

120 

130 

140 

inches 

1 

0.02^ 
0.03' 
0.03 

0.04 
0.05 
0.06 

0.06 
0.08 
0.09 

cu 

bic  feet 

2 

0.09 
0.11 
0.12 

0.17 
0.21 
0.24 

0.25 
0.30 
0.36 

0.33 
0.40 
0.47 

3 

0.37 
0.45 
0.53 

0.55 
0.66 
0.78 

0.72 
0.87 
1.03 

0.90 
1.08 
1.28 

4 

0.96 
1.15 
1.36 

1.27 
1.51 
1.80 

1.58 
1.88 
2.23 

1.88 
2.23 
2.66 

5 

1.48 

1.96 

2.43 

2.90 

3.37 

1.76 

2.32 

2.88 

3.43 

3.97 

2.09 

2.77 

3.43 

4.09 

4.75 

6 

2.79 

3.47 

4.14 

4.81 

5.48 

3.29 

4.08 

4.86 

5.63 

6.40 

3.93 

4.88 

5.82 

6.76 

7.69 

7 

3.77 

4.68 

5.59 

6.49 

7.39 

8.29 

4.43 

5.48 

6.53 

7.57 

8.60 

9.63 

5.30 

6.57 

7.84 

9.10 

10.30 

11.60 

8 

4.89 

6.07 

7.25 

8.42 

9.59 

10.7 

5.72 

7.08 

8.43 

9.77 

11.10 

12.4 

6.86 

8.51 

10.10 

11.80 

13.40 

15.0 

Table  2. 

—Cubic-foot  volume  for  sweetgum  bole  wood,  bole  wood  plus  bark,  and  total  tree— (Continued) 

Total  height  in  feet 

Dbh 

10            20            30            40             50              60              70               80                90               100 

110 

120 

130 

140 

inches 
9 

10 

11 

12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


6.14          7.63 

9.11 

10.6 

12.1 

13.5 

7.17          8.87 

10.60 

12.2 

13.9 

15.6 

8.61         10.70 

12.70 

14.8 

16.8 

18.9 

9.37 

11.2 

13.0 

14.8 

16.6 

18.4 

10.90 

12.9 

15.0 

17.0 

19.1 

21.1 

13.10 

15.6 

18.1 

20.6 

23.1 

25.6 

11.3 

13.5 

15.6 

17.8 

20.0 

22.1 

13.0 

15.5 

18.0 

20.4 

22.9 

25.3 

15.7 

18.8 

21.8 

24.8 

27.8 

30.8 

13.4 

15.9 

18.5 

21.1 

23.7 

26.2 

28.8 

15.4 

18.3 

21.3 

24.2 

27.1 

29.9 

32.8 

18.6 

22.2 

25.8 

29.3 

32.9 

36.4 

39.9 

18.6 

21.7 

24.7 

27.6 

30.6 

33.6 

21.4 

24.8 

28.2 

31.5 

34.9 

38.2 

25.9 

30.1 

34.2 

38.4 

42.5 

46.6 

21.5 

25.0 

28.5 

31.9 

35.4 

38.8 

24.6 

28.6 

32.5 

36.4 

40.2 

44.1 

29.9 

34.7 

39.5 

44.3 

49.0 

53.8 

24.6 

28.6 

32.6 

36.5 

40.5 

44.4 

28.1 

32.6 

37.1 

41.5 

45.9 

50.3 

34.2 

39.7 

45.2 

50.6 

56.0 

61.4 

27.9 

32.4 

36.9 

41.4 

45.9 

50.3 

31.8 

36.9 

41.9 

47.0 

51.9 

56.9 

38.7 

45.0 

51.2 

57.3 

63.5 

69.6 

31.4 

36.5 

41.6 

46.6 

51.6 

56.6 

61.7 

35.8 

41.5 

47.1 

52.7 

58.3 

63.9 

69.5 

43.6 

50.6 

57.5 

64.5 

71.4 

78.2 

85.1 

35.1 

40.8 

46.4 

52.1 

57.7 

63.3 

68.9 

39.9 

46.3 

52.6 

58.9 

65.1 

71.3 

77.5 

48.6 

56.5 

64.2 

72.0 

79.7 

87.4 

95.1 

39.0 

45.3 

51.6 

57.9 

64.1 

70.3 

76.5 

82.7 

44.3 

51.3 

58.3 

65.3 

72.2 

79.1 

86.0 

92.9 

54.0 

62.7 

71.3 

79.9 

88.5 

97.0 

106.0 

114.0 

50.1 

57.0 

63.9 

70.8 

77.7 

84.6 

91.4 

98.3 

56.6 

64.3 

72.0 

79.7 

87.3 

94.9 

102.0 

110.0 

69.2 

78.7 

88.2 

97.7 

107.0 

117.0 

126.0 

135.0 

55.1 

62.7 

70.3 

77.9 

85.5 

93.0 

101 

108 

62.2 

70.6 

79.1 

87.5 

95.9 

104.0 

113 

121 

76.1 

86.5 

97.0 

107.0 

118.0 

128.0 

138 

149 

60.3 

68.6 

77.0 

85.3 

93.6 

102 

110 

118 

68.0 

77.2 

86.5 

95.6 

105.0 

114 

123 

132 

83.2 

94.7 

106.0 

117.0 

129.0 

140 

151 

163 

65.7 

74.8 

83.9 

93.0 

102 

111 

120 

129 

74.0 

84.1 

94.2 

104.0 

114 

124 

134 

144 

90.7 

103.0 

116.0 

128.0 

140 

153 

165 

177 

81.3 

91.2 

101 

111 

121 

130 

140 

91.2 

102.0 

113 

124 

135 

145 

156 

112.0 

126.0 

139 

152 

166 

179 

192 

88.0 

98.7 

109 

120 

131 

141 

152 

98.7 

110.0 

122 

134 

146 

157 

169 

121.0 

136.0 

150 

165 

179 

194 

208 

95.0 

107 

118 

129 

141 

152 

164 

106.0 

119 

132 

144 

157 

169 

182 

131.0 

147 

162 

178 

193 

209 

225 

Table  2.- 

—Cubic-foot  volume  for  sweetgum  bole  wood,  bole  wood  plus  bark,  and  total  tree — (Continued) 

Total  height  in  feet 

Dbh 

10     20     30     40     50      60      70      80       90      100 

110 

120 

130 

140 

inches 
27 

28 

29 

30 


31 


32 


33 


34 


35 


36 


■cubic  feet  — 
102 

115 

127 

139 

152 

164 

176 

114 

128 

142 

155 

169 

182 

196 

141 

158 

175 

191 

208 

225 

242 

110 

123 

136 

150 

163 

176 

189 

123 

137 

152 

166 

181 

195 

210 

151 

169 

187 

205 

223 

241 

259 

117 

132 

146 

160 

175 

188 

202 

131 

147 

162 

178 

193 

209 

224 

161 

181 

200 

220 

239 

258 

277 

141 

156 

171 

186 

201 

216 

157 

173 

190 

206 

223 

239 

193 

214 

235 

255 

276 

296 

150 

166 

182 

198 

214 

231 

167 

185 

202 

220 

237 

255 

206 

228 

250 

272 

294 

315 

160 

177 

194 

211 

228 

245 

177 

196 

215 

234 

252 

271 

219 

242 

266 

289 

312 

335 

169 

188 

206 

224 

242 

260 

188 

208 

228 

248 

268 

287 

232 

257 

282 

307 

331 

356 

180 

199 

218 

237 

257 

276 

199 

220 

241 

262 

283 

304 

246 

272 

299 

325 

351 

377 

190 

210 

231 

251 

272 

292 

211 

233 

255 

277 

300 

322 

260 

288 

316 

344 

371 

399 

201 

222 

244 

265 

287 

308 

222 

246 

269 

293 

316 

339 

275 

304 

334 

363 

392 

421 

'Tree  volume  from  a  1-foot  stump  to  the  tree  tip. 

'The  three  vertical  figures  for  each  dbh  give  volumes  of  bole  wood  first,  bole  wood  plus  bark  second,  and  total  tree  (bole  wood  plus  bark  plus 

limbs  excluding  leaves)  last. 
'Boldface  numbers  span  the  range  of  the  data. 


Table  3.- 

—Green  weight  in  pounds  for  sweetgum  bole  wood,  bole  wood  plus  bark,  and  total  tree' 

Total  height  in  feet 

Dbh 

10            20              30             40            50             60             70             80              90 

100 

110 

120 

130 

140 

inches pounds 

1  1.2'  2.5  3.7 
1.6'  3.1  4.6 
1.8     3.5      5.3 

2  4.9     9.8     14.7     20 

6.0    11.9     18.0     23  ; 

7.0    13.8     21.0     27 

3  22  33  44  54 
26  39  52  64 
31      46      61      76 

4  58      77     96     116 

68      90     112     134 
81      107     133     159 

5  90  120  150  180  210 
106  140  174  208  241 
125     166     206    247  287 

6  173    215     258  301  343 

199    248     296  344  392 

237    295     353  411  469 

7  234     293    351  408  466     524 

269     335    400  465  530     594 

321     400    479  557  635     713 

8  306    381    457  532  608     683 

350     434    519  603  687     771 

418     520    622  724  826     927 

9  386    482     577  673  768     863 

440    547     653  759  865     970 

527    656     785  913  1041  1169 

10  594    711  829  946  1063    1181 

671    802  932  1062  1191    1320 

807    965  1123  1281  1438    1595 

11  717    859  1001  1143  1285    1426 

809    966  1123  1279  1434    1590 

973    1164  1355  1545  1734    1924 

12  852    1021  1190  1359  1527     1695    1863 

958    1145  1330  1515  1700     1884    2067 

1155    1381  1608  1833  2058    2283    2507      -: 

13  1197  1395  1592  1790    1987    2184 

1338  1555  1771  1987    2202    2417 

1617  1882  2146  2409    2672    2935 

14  1387  1616  1845  2073    2302    2530 

1546  1797  2047  2296    2544    2792 

1871  2177  2482  2787    3091    3395 

15  1590  1853  2115  2377    2639    2901 

1769  2056  2342  2627    2911    3195 

2142  2493  2843  3192    3540    3888 

16  1807  2106  2404  2702    3000    3297 

2006  2332  2656  2979    3301     3623 

2432  2831  3228  3624    4020    4415 

17  2038  2375  2711  3047    3383     3718    4054 

2258  2624  2989  3353    3716     4078    4439 

2740  3189  3636  4083    4529     4974    5418 

18  2283  2660  3037  3413    3789    4165    4540 

2524  2934  3342  3748     4154     4559     4963 

3066  3568  4069  4569    5067    5565    6062 

19  2541  2961  3381  3800     4218     4636    5054   5472 

2805  3260  3713  4165     4616     5066    5514   5962 

3410  3969  4525  5081    5636    6190    6742   7295 


Table  3.- 

—Green  weight  in  pounds  for  sweetgum  bole  wood,  bole  woodplus  bark,  and  total  tree- 

-(Continued) 

Total  height  in  feet 

Dbh 

10     20      30     40     50     60     70      80      90 

100     110 

120 

130 

140 

inches 
20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


-pounds  — 

— - — 

3278 

3743 

4207 

4670 

5133 

5596 

6058 

6520 

3603 

4104 

4604 

5102 

5599 

6095 

6590 

7083 

4390 

5006 

5620 

6234 

6847 

7458 

8069 

8679 

3612 

4123 

4634 

5145 

5655 

6164 

6674 

7183 

3963 

4514 

5063 

5611 

6158 

6703 

7247 

7791 

4823 

5510 

6187 

6862 

7536 

8209 

8881 

9553 

3961 

4522 

5082 

5642 

6201 

6760 

7319 

7877 

4339 

4943 

5544 

6144 

6743 

7340 

7936 

8531 

5295 

6038 

6779 

7519 

8258 

8996 

9732 

10468 

4326 

4939 

5551 

6162 

6773 

7384 

7994 

8603 

4732 

5390 

6046 

6701 

7353 

8005 

8655 

9303 

5779 

6589 

7399 

8206 

9012 

9817 

10621 

11424 

5374 

6040 

6705 

7370 

8034 

8698 

9361 

5857 

6570 

7281 

7990 

8698 

9409 

10108 

7165 

8044 

8923 

9799 

10674 

11549 

12422 

5827 

6549 

7271 

7991 

8712 

9432 

10151 

6342 

7114 

7884 

8652 

9418 

10183 

10946 

7764 

8717 

9668 

10618 

11567 

12514 

13460 

6298 

7079 

7859 

8638 

9417 

10195 

10972 

6846 

7680 

8511 

9340 

10167 

10993 

11817 

8386 

9416 

10444 

11470 

12494 

13517 

14539 

6788 

7629 

8470 

9310 

10149 

10987 

11825 

7369 

8267 

9161 

10053 

10944 

11832 

12719 

9032 

10141 

11248 

12353 

13457 

14559 

15659 

7296 

8200 

9103 

10006 

10908 

11809 

12710 

7911 

8874 

9835 

10793 

11748 

12702 

13654 

9702 

10893 

12082 

13269 

14455 

15638 

16820 

7822 

8791 

9760 

10727 

11694 

12661 

13627 

8472 

9503 

10531 

11557 

12581 

13602 

14621 

10395 

11671 

12945 

14217 

15487 

16756 

18022 

9403 

10439 

11474 

12508 

13542 

14574 

10152 

11251 

12347 

13441 

14532 

15621 

12476 

13838 

15198 

16555 

17911 

19265 

10035 

11140 

12245 

13349 

14452 

15554 

10823 

11994 

13163 

14328 

15492 

16653 

13307 

14760 

16210 

17658 

19104 

20548 

10687 

11865 

13041 

14216 

15391 

16565 

11514 

12761 

14003 

15244 

16481 

17717 

14164 

15711 

17254 

18796 

20335 

21872 

11360 

12611 

13862 

15111 

16360 

17608 

12227 

13550 

14870 

16187 

17501 

18812 

15048 

16691 

18331 

19968 

21603 

23236 

12053 

13381 

14708 

16033 

17358 

18682 

12960 

14362 

15761 

17157 

18550 

19940 

15958 

17700 

19439 

21175 

22909 

24641 

12766. 

14173 

15578 

16982 

18386 

19788 

13714 

15198 

16678 

18155 

19629 

21100 

16894 

18738 

20579 

22418 

24253 

26087 

13500 

14987 

16474 

17958 

19442 

20925 

14488 

16056 

17620 

19181 

20738 

22292 

17857 

19806 

21752 

23695 

25635 

27573 

'Tree  weight  from  a  1-foot  stump  to  the  tree  tip. 

'The  three  vertical  figures  for  each  dbh  give  weights  of  bole  wood  first,  bole  wood  plus  bark  second,  and  total  tree  (bole  wood  plus  bark  plus 
limbs  excluding  leaves)  last. 
'Boldface  numbers  span  the  range  of  the  data. 


Table  4.— Dry  weight  in  pounds  for  sweetgum  bole  wood,  bole  wood  plus  bark,  and  total  tree' 


Total  height  in 

feet 

Dbh 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120     130 

140 

inches 
1 

pounds - 

0.5^ 

1.1 

1.6 

0.7' 

1.3 

1.9 

0.7 

1.5 

2.2 

2 

2.1 

.2.6 

3.0 

4.3 
5.1 
6.0 

6.4 

7.7 
9.0 

8.6 
10.2 
11.9 

3 

9.7 
11.5 
13.4 

14.5 
17.0 
20.0 

19 
23 
27 

24 
28 
33 

4 

26 
30 
36 

34 
40 
48 

43 
50 
59 

52 
60 
71 

5 

40 
47 
56 

54 
63 
74 

67 
78 
93 

81 

94 

HI 

94 
109 
130 

6 

78 

90 

107 

97 
112 
133 

116 
134 
160 

136 
156 
186 

155 
178 
213 

7 

106 
122 
145 

132 
152 
181 

158 

182 
217 

185 
212 
253 

211 
242 
289 

238 
272 
325 

8 

138 
159 
189 

173 
198 
236 

207 
237 
283 

242 
276 
331 

276 
315 
378 

311 
354 
425 

9 

175 
200 
239 

218 
250 
299 

262 
299 
359 

306 
348 
418 

350 

397 

478 

393 

446 
537 

10 

270 
308 
369 

324 
368 
442 

378 
429 
516 

432 
489 

589 

486 
550 
663 

540 
610 
736 

11 

326 
371 
446 

392 
445 
535 

457 

518 
624 

522 
591 
712 

588 
664 
801 

653 
737 
890 

12 

388 

466 

544 

622 

699 

777 

855 

441 

528 

615 

702 

789 

875 

962 

530 

636 

742 

847 

953 

1058 

1164 

-: 

13 

547 
619 

746 

638 
721 
870 

730 

822 
994 

821 

924 

1118 

912 
1025 
1242 

1003 
1127 
1365 

14 

635 
716 
865 

740 

834 

1009 

846 

952 

1152 

952 
1070 
1296 

1058 
1187 
1439 

1164 
1304 
1583 

15 

729 
821 
993 

850 

956 

1157 

972 
1091 
1322 

1093 
1226 
1487 

1215 
1361 
1651 

1336 
1495 
1816 

16 

829 

933 

1129 

967 
1086 
1316 

1106 
1240 
1504 

1244 
1393 
1691 

1382 
1546 

1878 

1520 
1699 
2065 

17 

936 

1092 

1248 

1404 

1560 

1717 

1873 

1052 

1225 

1398 

1570 

1743 

1915 

2087 

1274 

1485 

1697 

1908 

2119 

2331 

2542 

18 

1049 

1224 

1399 

1574 

1749 

1925 

2100 

1178 

1371 

1565 

1758 

1951 

2144 

2337 

1428 

1665 

1902 

2138 

2375 

2612 

2849 

19 

1169 

1364 

1559 

1754 

1949 

2145 

2340   2535 

1310 

1526 

1742 

1957 

2172 

2386 

2601   2815 

1590 

1854 

2118 

2382 

2646 

2909 

3173   3436 
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Table  4.— Dry  weight  in  pounds  for  sweetgum  bole  wood,  bole  wood  plus  bark,  and  total  tree— (Continued) 


Dbh 


inches 
20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


Total  height  in  feet 


10 


20 


30 


40 


50 


60 


70 


80 


90 


100 


110 


120 


130 


140 


-pounds  — 

1512 

1728 

1944 

2160 

2376 

2593 

2809 

3025 

1689 

1928 

2166 

2403 

2641 

2878 

3115 

3352 

2054 

2346 

2638 

2930 

3222 

3514 

3806 

4098 

1667 

1905 

2143 

2382 

2620 

2858 

3097 

3335 

1860 

2123 

2385 

2647 

2908 

3170 

3431 

3692 

2263 

2586 

2908 

3230 

3552 

3873 

4195 

4517 

1829 

2091 

2353 

2614 

2876 

3137 

3399 

3661 

2039 

2327 

2615 

2902 

3189 

3475 

3761 

4047 

2483 

2837 

3190 

3544 

3897 

4250 

4603 

4955 

2000 

2286 

2571 

2857 

3143 

3429 

3715 

4001 

2227 

2541 

2855 

3169 

3482 

3794 

4107 

4419 

2713 

3100 

3486 

3872 

4258 

4643 

5029 

5415 

2489 

2800 

3111 

3423 

3734 

4046 

4357 

2764 

3106 

3447 

3787 

4128 

4468 

4807 

3374 

3795 

4215 

4635 

5055 

5474 

5894 

2701 

3038 

3376 

3714 

4052 

4390 

4728 

2997 

3367 

3737 

4106 

4475 

4843 

5211 

3660 

4116 

4572 

5028 

5438 

5938 

6394 

2921 

3287 

3652 

4017 

4383 

4748 

5114 

3238 

3638 

4038 

4437 

4836 

5234 

5632 

3958 

4451 

4944 

5436 

5929 

6421 

6914 

3150 

3544 

3939 

4333 

4727 

5121 

5515 

3489 

3920 

4351 

4781 

5210 

5639 

6068 

4267 

4799 

5330 

5861 

6392 

6923 

7454 

3388 

3812 

4236 

4660 

5084 

5508 

5932 

3750 

4213 

4675 

5137 

5599 

6060 

6521 

4588 

5160 

5731 

6302 

6873 

7444 

8014 

3635 

4089 

4544 

4999 

5454 

5908 

6363 

4019 

4515 

5011 

5506 

6001 

6495 

6989 

4920 

5533 

6146 

6759 

7371 

7983 

8595 

4376 

4863 

5350 

5836 

6323 

6810 

4828 

5359 

5888 

6417 

6946 

7474 

5920 

6576 

7231 

7886 

8541 

9196 

4673 

5193 

5713 

6232 

6752 

7272 

5152 

5718 

6283 

6847 

7411 

7974 

6320 

7020 

7720 

8419 

9118 

9817 

4980 

5534 

6087 

6641 

7195 

7749 

5486 

6088 

6690 

7291 

7891 

8491 

6733 

7479 

8224 

8969 

9714 

10459 

5296 

5885 

6474 

7063 

7652 

8241 

5830 

6470 

7109 

7748 

8386 

9024 

7159 

7952 

8744 

9536 

10328 

11120 

5622 

6247 

6873 

7498 

8123 

8749 

6184 

6864 

7542 

8219 

8896 

9573 

7598 

8439 

9280 

10121 

10962 

11802 

5958 

6621 

7283 

7946 

8608 

9271 

6549 

7268 

7987 

8704 

9421 

10137 

8050 

8941 

9832 

10723 

11614 

12504 

6304 

7005 

7706 

8407 

9108 

9809 

6925 

7685 

8444 

9203 

9961 

10718 

8515 

9458 

10400 

11343 

12285 

13226 

'Tree  weight  from  a  1-foot  stump  to  the  tree  tip. 

■The  three  vertical  figures  for  each  dbh  give  weights  of  bole  wood  first,  bole  wood  plus  bark  second,  and  total  tree  (bole  wood  plus  bark  plus 
limbs  excluding  leaves)  last. 
'Boldface  numbers  span  the  range  of  the  data. 


11 


Table  5. — Regression  statistics  for  predicting  sweetgum  bole  volumes  and  weights  using  two  bole 
diameter  measurements  and  total  height' 


Component 

Average 
Y 

bo 

Fit 
bi                   index- 

Se' 

C.V. 
percent' 

Volume  (cubic  feet) 

Bole  wood 
Bole  bark 
Total  bole 

48.5 

5.8 

54.3 

-5.917 
-7.011 
-5.651 

0.99082              0.994 
0.89596              0.941 
0.97630              0.994 

Green  weight  (pounds) 

4.20* 

1.34 

4.46* 

8.9 

23.0 

8.2 

Bole  wood 
Bole  bark 
Total  bole 

3J73 

293 

3466 

-1.925 
-3.030 
-1.665 

1.01005              0.991 
0.89055              0.945 
0.99328              0.993 

Dry  weight  (pounds) 

326* 

65 
326* 

10.3 

22.1 

9.4 

Bole  wood 
Bole  bark 
TotaJ  bole 

1460 

163 

1623 

-2.787 
-4.208 
-2.559 

1.01887              0.993 
0.94870              0.939 
1.00699             0.994 

138* 

39 

142* 

9.5 
23.9 

8.8 

'Volumes   and   weights  of  trees   from   a   1-foot   stump   to  the  tree   tip,   using  Ln(Y): 
Ln(D  •  Di ,  ■  H);  D  =  dbh,  H  =  total  tree  height,  D.,;  =  bole  diameter  outside  bark  at  'AH. 
-Fit  index  =  1.0  -  [E(Y  -  Y)^  /  L{Y  -  Y)-],  using  untransformed  values. 
'Se  =  [E( Y  -  Y)  V  (n  -  2)] ' ',  using  untransformed  values. 

'Coefficient  of  variation  =  100  Sc  /  Y. 

*Significantly  more  precise  by  the  F  test  than  D'H  model;  <x  =  0.05. 


bo-i-b, 


Table  6.— Regression  statistics  for  predicting  sweetgum  bole  volumes  and  weights  using  three 
bole  diameter  measurements  and  total  height ' 


Component 

Average 
Y 

b„ 

Fit 
b,                  index' 

Sc' 

C.V. 
percent' 

Volume  (cubic  feet) 

Bole  wood 
Bole  bark 
TotaJ  bole 

48.5 

5.8 

54.3 

-6.566 
-7.603 
-6.291 

1.00705              0.998 
0.91105              0.936 
0.99238              0.998 

Green  weight  (pounds) 

2.18  + 
1.40 
2.50  + 

4.5 

24.0 

4.6 

Bole  wood 
Bole  bark 
TotaJ  bole 

3173 

293 

3466 

-2.585 
-3.622 
-2.316 

1.02650              0.996 
0.90575              0.939 
1.00957              0.997 

Dry  weight  (pounds) 

220  + 

68 
205^ 

6.9 

23.3 

5.9 

Bole  wood 
Bole  bark 
Total  bole 

1460 

163 

1623 

-3.451 
-4.841 
-3.218 

1.03540              0.996 
0.96511              0.933 
1.02349              0.996 

105  + 

41 
107  + 

7.2 

25.2 

6.6 

'Volumes  and  weights  of  trees  from  a  1-foot  stump  to  the  tree  tip,  using  Ln(Y)  =  bo-i-b, 
Ln[(DDi,+  D-..IH];  D  =  dbh,  H  =  total  tree  height,  D./,  and  Di/.  =bole  diameters  outside  bark  at 
'/2H  and  V4H,  respectively. 

=Fit  index  =  1.0  -  [2:(Y-Y)Vi;(Y-YP],  using  untransformed  values. 

'Se  =  [E(  Y  -  Y)'  /  (n  -  2)]  \  using  untransformed  values. 

'Coefficient  of  variation  =  100  Se  /  Y. 

+  Significantly  more  precise  by  the  F  test  than  D  ■  D.„  •  H  model;  a  =  0.05. 
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Table  1  .—Local  volume  and  weight  equations  for  sweetgum ' 


Component 

Average 
Y 

bo 

b, 

Fit 
index- 

Sc' 

C.V. 
percent' 

Volume 

(cubic  feet) 

Bole  wood 

48.5 

-3.258 

1.26184 

0.956 

11.10* 

22.9 

Bole  bark 

5.8 

-4.601 

1.14028 

0.903 

1.71 

29.4 

Total  bole 

54.3 

-3.029 

1.24314 

0.957 

12.12* 

22.3 

Total  tree, 

74.0 

-2.884 

1.25350 

0.954 

16.09* 

21.7 

excluding 
leaves 

Green  wei 

ght  (pounds) 

Bole  wood 

3173 

0.789 

1.28600 

0.952 

773* 

24.4 

Bole  bark 

293 

-0.635 

1.13333 

0.913 

82 

27.9 

Total  bole 

3466 

1.005 

1.26454 

0.954 

810* 

23.4 

Total  tree. 

4719 

1.145 

1.27503 

0.953 

1057* 

22.4 

excluding 
leaves 

Dry  weight  (p( 

oundsj 

Bole  wood 

1460 

-0.049 

1.29725 

0.954 

349* 

23.9 

Bole  bark 

163 

-1.653 

1.20710 

0.893 

52 

31.7 

Total  bole 

1623 

0.148 

1.28200 

0.955 

378* 

23.3 

Total  tree, 

2212 

0.288 

1.29232 

0.956 

484* 

21.9 

excluding 
leaves 

'Volumes  and  weights  of  trees  from  a  1-foot  stump  to  the  tree  tip,  using  Ln(Y)  =  bo  +  b,  Ln(D-); 
D  =  dbh. 

'Fit  index  =  1.0  -  [E(Y  -  Y)'  /  E(Y  -  Y)'],  using  untransformed  values. 
'Se  =  [D(Y  -  Y)'  /  (n  -  2)]'\  using  untransformed  values. 
"Coefficient  of  variation  =  100  S,.  /  Y. 
♦Significantly  less  precise  by  the  F  test  than  D'H  model;  oc  =  0.05. 


Table  8.— Statistics  for  estimating  confidence  bounds  for  sweetgum  predictions  for  the  bole  and 
total  tree 


Corrected  sum 

S.  , 

Independent 

Mean  of 

of  squares 

Standard  error  > 

of  estimate 

variable  -X 

n 

X 

forX' 

for  tree  components 

Bole  predictions 

Volume 

Wood 
0.1729 

Bark 
0.2668 

Total 

Ln(D') 

54 

4.762 

154.074 

0.1758 

Green  weight 

0.1957 

0.2914 

0.1900 

Dry  weight 

0.2010 

0.3292 

0.1954 

Ln(D=H) 

54 

9.038 

260.066 

Volume 

0.1213 

0.2407 

0.1260 

Green  weight 

0.1330 

0.2718 

0.1312 

Dry  weight 

0.1357 

0.3129 

0.1355 

Ln(DD.,H) 

54 

8.736 

251.282 

Volume 

0.0601 

0.2112 

0.0621 

Green  weight 

0.0919 

0.2414 

0.0801 

Dry  weight 

0.1006 

0.2764 

0.0878 

Ln[(DD  ,+  D- 

..)H]  54 

9.238 

243.351 

Volume 

0.0402 

0.1986 

0.0337 

Green  weight 

0.0856 

0.2267 

0.0647 

Dry  weight 

0.0977 

0.2583 

0.0753 

Total  tree  predictions 

Volume 

Total  tree 
0.1898 

Ln(D-) 

49 

4.763 

153.302 

Green  weight 

0.2024 

Dry  weight 

0.2013 

Ln(D=H) 

49 

9.045 

258.422 

Volume 
Green  weight 
Dry  weight 

0.1632 
0.1652 
0.1602 

'E(X  -  X)'  in  base  e  logarithmic  units. 
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APPENDIX 

Examples  Using  the  Equations 


In  this  section  examples  are  presented  to  illustrate 
use  of  the  equations.  The  following  tabulation  gives 
data  used  to  illustrate  equation  use: 
D=  21.7  in. 
H  =  75.0  ft. 
D„,  =  15.5  in. 
D,/,=  14.8  in. 
D„,=  11.5  in. 
Bole  wood  volume  (V)  is  calculated  using  X  =  D^H 
and  the  parameter  estimates  from  table  1  as  follows: 
Ln(V)=  bo  =  b,Ln(D'H) 

-  -6.048  + 0.97280  Ln  (21.7  X  21.7  X 
75.0) 

=  -6.048  + 0.97280  Ln  (35316.75) 
=  -6.048  +  0.97280(10.472) 
=  -6.048  +  10.187 
Ln(V)=  4.139 

V  =  e'"'^;  bole  wood  volume  =  62.7  ft\ 
To  calculate  total  green  bole  weight  (W)  using 
X  =  D  •  D ,/,  •  H  and  the  parameter  estimates  from  table 
5: 

Ln(W)-  b„  +  b,Ln(DD„,H) 

-  -1.665 +  0.99328  Ln  (21.7  X  14.8  X 
75.0) 

=  -1.665  + 0.99328  Ln  (24087.00) 
=  -1.665  +  0.99328(10.089) 
=  -1.665  +  10.021 
Ln(W)-  8.356 

W  =  e^^'*;  total  bole  green  weight  =  4256  lb. 
To  calculate  bole  dry   weight  (W)   using  X    = 
[(DD,i+  D^,)H]  and  the  parameter  estimates  from 
table  6: 

Ln(W)=  b„  +  b,Ln[(DD,  +  D-,JH] 

=  -3.218  + 1.02349  Ln  [(21.7  x  11.5  + 

15.5  X  15.5)  X  75.0] 
=  -3.218  +  1.02349  Ln  [(249.55  +   240.25) 
X  75.0] 


=  -3.218  + 1.02349  Ln  [489.80  x  75.0] 
=  -3.218  + 1.02349  Ln  [36735.00] 
=  -3.218  +  1.02349(10.511) 
=  -3.218+10.758 
Ln(W)=  7.540 

W  =  e^  540.  total  bole  dry  weight  =  1882  lb. 
Merchantable  bole  estimates  to,  say,  an  8-inch  top 
are  calculated  using  equation  3  to  estimate  the  mer- 
chantable portion  of  the  bole  and  then  multiplying 
that  proportion  (R8)  by  the  predicted  bole  estimate  of 
interest.  Letting  DI  =  8.0,  X  =  [(21.7 -8.0)/21.7],  or 
X  =  0.631,  and  from  (3): 

R8=  [1.0  + EXP  (0.78495  +  10.76197(0.631)  - 
77.22807(0.631)^  +  121.11402(0.631)'  - 
65.62841(0.631)1]-' 
-  [1.0  + EXP  (0.78495  +  10.76197(0.631)  - 
77.22807(0.39816)  +  121.11402(0.25124) 
-  65.62841(0.15853))]    ' 
=  [1.0  + EXP  (0.78495  +  6.79080  -  30.74913 

+  30.42869  -  10.40407)]    ' 
=  [1.0  +  EXP  (- 3.14876)]   ' 
=  [1.0  +  0.04291]    ' 
=  [1.04291]    ' 
R8=  0.959. 

Then  bole  wood  volume  to  an  8-inch  top  (V8)  can  be 
calculated: 

V8  =  (R8)(predicted  total  bole  wood  volume) 
=  (0.959)(62.7) 
=  60.1ft'. 
Of  course,  total  bole  volumes  or  weights  can  be  cal- 
culated using  any  one  of  the  three  sets  of  peirameter 
estimates  given  in  tables  1,  5,  or  6.  Then  any  of  these 
total  bole  c£ilculations  can  be  used  with  the  estimate 
of  merchantable  proportion  to  calculate  merchantable 
bole  values.  The  choice  of  which  set  of  equations  to 
use  is  left  to  the  user,  who  must  balance  inventory 
precision  against  inventory  cost. 


14 


Schlaegel,  Bryce  E.  Sweetgum  volume  etnd  weight  tables.  Res. 
Pap.  SO-204.  New  Orleans,  LA:  U.S.  Department  of  Agri- 
culture, Forest  Service,  Southern  Forest  Experiment  Sta- 
tion; 1984.  14  p. 

A  sample  of  54  trees  from  the  Mississippi  Delta  is  used  to 
construct  volume  and  weight  tables  for  sweetgum. 

Additional  keywords:  Liquidambar  styraciflua,  mercheinta- 
ble  bole  estimates,  biomass. 


■Ci   U.S.  GOVERNMENT  PRINTING  OFFICE:   1984-769-089:35 


/^\  United  States 
Jl)  Department  of 
^  Agriculture 

Forest  Service 

Southern  Forest 
Experiment  Station 

New  Orleans, 
Louisiana 

Research  Paper 
SO-205 
June,  1984 


Sugarberry  Volume 
and  Weight  Tables 


Bryce  E.  Schlaegel 


SUMMARY 

Volume  and  weight  tables  were  constructed  from  a  121-tree  sample  of 
sugeirberry  (Celtis  laevigata  Willd.)  taken  in  the  Mississippi  Delta.  The  tables 
present  cubic-foot  volume,  green  weight,  and  dry  weight  of  bole  wood,  bole 
wood  plus  beirk,  and  total  tree  excluding  leaves  above  a  1-foot  stump  as  pre- 
dicted from  the  allometric  model  Ln  Y  =  bo  +  biLn(D^H).  Merchantable  bole 
volume  and  weight  estimates  can  be  made  to  any  outside  bark  diameter  limit. 
More  precise  bole  estimates  can  be  obtained  from  equations  using  upper  bole 
dieuneters  taken  at  relative  heights  of  25,  33,  and  50  percent  of  total  tree 
height. 


Sugarberry  Volume  and  Weight  Tables 

Bryce  E.  Schlaegel 


INTRODUCTION 

Sugarberry  (Celtis  laevigata  Willd.)  grows  on  bot- 
tomlands of  the  Piedmont  and  Coastal  Plain  of  the 
southern  United  States  from  southeastern  Virginia, 
south  to  southern  Florida,  then  west  along  the  Gulf 
Coast  into  Texas,  north  to  western  Oklahoma,  Mis- 
souri, southern  Illinois  and  Indiana,  and  western 
Kentucky  (Little  1979)  (fig.  1).  It  is  most  commonly 
found  on  clay  soils  of  broad  flats  or  shallow  sloughs 
within  the  flood  plains  of  major  southern  rivers  but 
thrives  on  various  types  of  soils.  This  is  a  slow  grow- 
ing species,  with  trees  reaching  80  feet  in  height  and 
20  inches  in  dbh. 

In  recent  years  there  has  been  considerable 
demand  for  volume  and  weight  tables  for  bottomland 
hardwood  species.  This  paper  is  the  fourth  in  a  series 
of  six  giving  both  volume  and  weight  tables  for  some 
of  the  major  bottomland  hardwood  species.  The  other 
five  species  in  the  series  are  willow  oak  (Quercus  phel- 
los  L.)  (Schlaegel  1981),  Nuttall  oak  (Q.  nuttallii  Pal- 
mer) (Schlaegel  and  Willson  1983),  overcup  oak  (Q. 
lyrata  Walt.)  (Schlaegel  1984a),  sweetgum  (Liquidam- 
bar  styraciflua  L.)  (Schlaegel  1984b),  and  green  ash 
(Fraxinus  pennsylvanica  Marsh.)  (Schlaegel  1984c). 

METHODS 

The  data  were  collected  from  15  natural  bottom- 
land hardwood  stands  in  west-central  Mississippi. 
Stands  were  either  even-  or  uneven-aged  with  a  mixed 
species  composition.  Each  stand  was  measured  for 
species  composition  and  diameter  distribution;  121 
trees,  ranging  in  dbh  from  1  through  22  inches,  were 
chosen  for  destructive  sampling.  Growing  stock  trees 
with  healthy  crowns  and  no  visible  signs  of  disease  or 
decay  were  selected  from  both  the  overstory  and 
understory.  When  available,  three  trees  were  selected 
from  each  1-inch  diameter  class.  Cutting  was  done 
throughout  the  year. 

Stump  height  and  total  height  were  measured  on 
each  felled  sample  tree.  Disks  about  1-inch  thick  were 
cut  from  the  bole  at  regular  intervals  from  the  stump 


to  the  top  of  the  tree.  These  were  then  sealed  in  sepa- 
rate polyethylene  bags  for  laboratory  determination 
of  moisture  content  and  specific  gravity.  The  first 
disk  was  at  stump  height  and  the  remainder  at  5-foot 
intervals  measured  from  ground  level  for  trees  5 
inches  dbh  and  larger  and  at  3-foot  intervals  for  trees 
smaller  than  5  inches  dbh.  All  limbs,  including  leaves, 
were  weighed  on  1 15  of  the  trees. 

In  the  laboratory,  both  wood  and  bark  moisture 
content  and  specific  gravity  were  determined  as  fol- 
lows: 

1.  Wood  and  bark  were  separated  with  a  hammer 
and  chisel. 

2.  Each  component  was  weighed  green. 

3.  Both  wood  and  bark  were  soaked  in  water  for  at 
least  an  hour  to  ensure  complete  swelling. 

4.  Volumes  were  obtained  by  immersion  (Hein- 
richs  and  Lassen  1970). 

5.  Wood  and  bark  were  dried  in  a  forced- air  oven 
at  105°C  for  at  least  48  hours. 

6.  Wood  or  bark  moisture  content  - 

green  weight  -  ovendry  weight 
ovendry  weight 

7.  Specific  gravity  = 

ovendry  wood  or  bark  weight  (g) 
green  wood  or  bark  volume  (cm') 
Average  tree  moisture  content  and  specific  gravity 
were  calculated  from  weighted  averages  of  the  disk 
moisture  contents  and  specific  gravities;  each  disk 
specific  gravity  or  moisture  content  was  weighted  by 
its  squared  average  diameter. 

Taper  functions  (Schlaegel  1981,  Schlaegel  and 
Willson  1983)  of  the  form 

Y  =b,(X'-l)  +  b,(X^-l)  +  ...  +  bp(X^-l) 
where 

Y  -  d/D, 

d  =  diameter  at  height  h  on  the  bole, 

D=dbh, 

X=h/H, 

h  =  height  from  ground  to  a  specific  measure- 
ment point, 

H  -  total  height, 

b,  =  coefficients  estimated  for  each  tree  by  linear 
regression;  i  =  1,  2, . . .  p;  4<p<7, 
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were  C£dculated  for  each  tree,  both  inside  and  outside 
bark.  Cubic-foot  volumes  were  obtained  for  each  tree 
by  integrating  the  taper  function  to  heights  of  spe- 
cific top  diameters  to  obtain  both  total  and  merchant- 
able bole  volumes.  Bole  green  and  dry  weights  were 
calculated  from  estimated  tree  volume  and  weighted 
average  tree  density  and  moisture  content. 

Allometric  regression  equations  were  used  to  esti- 
mate volume,  green  weight,  and  dry  weight  of  bole 
wood,  bole  wood  plus  bark,  and  bole  wood  plus  bark 
plus  hmbs. 


RESULTS 


Characteristics  of  the  trees  used  in  this  study  are: 


Average 


Range 


Age  (years) 

38 

8- 

-156 

Dbh  (in) 

8.1 

0.8- 

-21.9 

Total  height  (ft) 

54 

11- 

-92 

Wood  moisture  content 

(percent) 

80 

56- 

-97 

Bark  moisture  content 

(percent) 

74 

44- 

-201 

Wood  specific  gravity 

0.481 

0.330- 

-0.572 

Bark  specific  gravity 

0.579 

0.283- 

-0.782 

Wood  +  bark  green 

density  (lb/ft) 
Wood  +  bark  dry 

density  (lb/ft)) 
Wood  -I-  bark  moisture 

content  (percent) 
Wood  -I-  bark  specific 

gravity 


54.63        34.88-64.53 


30.54        20.62-34.72 


79 


57-101 


0.489        0.330-0.556 


Individual  tree  volumes  and  weights  were  fitted  to 
the  allometric  model: 

Ln(Y)  =  bo-fb,Ln(D^H)  (1) 

where 

Y  =  the  volume  or  weight  veiriable  of  interest, 

Ln  is  a  natural  logarithm; 

bo  and  b,  are  coefficients  estimated  from  the 

data. 
Estimates  of  the  coefficients  bo  and  b,  are  pre- 
sented in  table  1  for  predicting  cubic  foot  volume  and 
green  and  dry  weight  of  bole  wood,  bole  bark,  total 
bole,  and  total  tree  excluding  leaves.  Additional  sta- 
tistics presented  are  the  component  average,  fit 
index,  regression  standard  error  of  estimate  (S^)  based 
on  residuals  after  converting  to  actual  units,  and  coef- 
ficient of  variation  (C.V.)  of  predictions  in  arithmetic 
units.  Fit  index,  which  is  similar  to  R',  is  used  to 
judge  equation  efficiency  when  the  dependent  varia- 


Figure  I. —The  range  of  sugarberry  (Fowells  1965).  (F-506584) 


ble  has  been  transformed  (Farrar  1978)  and  is  calcu- 
lated in  untransformed  units  from  the  total  and  resi- 
dual sums  of  squares.'  The  fit  index  and  R^  are  equal 
when  a  simple  Unear  regression  analysis  is  performed 
on  an  untransformed  dependent  variable. 

Fit  indices  range  from  0.792  for  dry  bark  weight  to 
0.988  for  bole  wood  volume.  A  fit  index  of  1.0  indi- 
cates that  predictions  can  be  made  without  error  with 
the  data  used  to  fit  the  model;  a  value  close  to  1  is 
desirable.  Coefficients  of  variation,  which  are  indices 
of  relative  precision  of  prediction,  range  from  66.1 
percent  for  dry  bark  weight  to  13.8  percent  for  bole 
wood  volume. 

Using  measures  of  individual  tree  dbh  and  total 
height,  estimates  can  be  made  using  table  1  for  tree 
volume  (given  in  table  2),  green  weight  (given  in  table 
3),  and  dry  weight  (given  in  table  4)  for  bole  wood, 
bole  wood  plus  bark,  and  for  bole  wood  plus  bark  plus 
limbs  excluding  leaves. 

The  equations  were  developed  using  trees  from  a 
limited  geographic  range  compared  to  the  total  range. 
Therefore,  predictions  may  be  less  precise  when  the 
equations  are  applied  in  other  parts  of  the  range. 
Using  an  upper  bole  diameter  measurement  in  addi- 
tion to  dbh  as  described  later  should  alleviate  this 
problem. 


MERCHANTABLE  BOLE  ESTIMATES 

The  merchantable  bole  is  defined  as  the  tree  bole 
from  a  1-foot  stump  to  a  specified  top  diameter,  ignor- 
ing limbs.  Merchantable  bole  volume  or  weight  can  be 
expressed  as  a  proportion  of  the  total  bole  by  a  gener- 
alized form  of  the  logistic  model 


R,  =(1.0  +e"'^') 


\i\-i 


(2) 


where 

Ri=  ratio    of   merchantable    bole    volume    or 
weight   to   total   bole   volume   or   weight, 
where  I  =  top  outside  bark  diameter  of  mer- 
chantable bole, 
X=(D-d,)/D, 

D  =  tree  dbh  outside  bark,  and 
d,  =  outside  bark  top  diameter. 
For  a  specific  top  diameter,  the  ratio  of  merchanta- 
ble bole  to  total  bole  is  the  same  for  volume,  green 
weight,   dry   weight,   and   inside   and  outside  bark 
(Schlaegel  and  Willson  1983). 

Model  2  was  fitted  to  the  overcup  OEik  data  for 
trees  > 4.6  inches  dbh,  with  f(X)  =  bo  +  b,X+  b:X'-^ 
bjX'  -I-  bjX".  Inverting  (2)  and  taking  the  natural  log- 
arithm results  in 


H'-^h 


bo+  b,X+  b,X^+  h,X>+  h,X'; 


'FI  =  {1-[E(Y,-  Y,)']/[2:(Y,-  Y)^]} 


this  was  solved  using  multiple  linear  regression  tech- 
niques giving: 

R,  =  [1.0  +  EXP(1. 58529  +  1.83111  X 
-51.10565  X^  +  91.90861X' 
-  54.30496  X^)]-;^  (3) 

with  fit  index  =  0.951  and  Se  =  0.052;. EXP  is  the  base 
of  the  natural  logarithm  and  equals  2.71828. 

Volume  or  weight  to  any  top  diameter  (V,)  is  found 
by  multiplying  the  ratio  estimate  obtained  from  (3) 
by  a  total  bole  volume  or  weight  estimate  from  either 
table2,  3,  or4: 

V,=  R,-Vt, 
where  V^  is  the  total  bole  volume  or  weight  of  inter- 
est. 

IMPROVED  TOTAL  BOLE 
ESTIMATES 

The  precision  of  the  merchantable  bole  estimate 
depends  upon  accuracy  in  measuring  total  bole.  Total 
bole  estimates  can  be  significantly  improved  by  mea- 
suring one  or  two  additional  diameters.  Tables  5  and 
6  give  regression  statistics  for  total  bole  volume  and 
weight  under  two  different  model  forms: 

Ln(Y)  =  b„  +  b,Ln(D-D,,-H)  (4) 

and 

Ln(Y)  =  bo  +  b,Ln[(D-D,,+  D^j■H]  (5) 

where  D,  H,  and  Y  are  as  defined  previously,  and  D,3, 
D,  ,  and  D,^  are  diameters  measured  outside  the  bark 
at  one-third,  one-half,  and  one-fourth  the  total  height. 

Statistics  from  tables  5  and  6  show  the  significant 
(»  =0.05)  improvement  over  the  previous  D-H  equa- 
tions of  table  1.  Measuring  one  additional  diameter  at 
one-third  the  tree  height  reduces  S^  for  bole  wood  vol- 
ume, total  bole  volume,  green  wood  and  total  bole 
weight,  and  total  dry  bole  weight  by  31,  45,  18,  32, 
and  30  percent,  respectively.  Other  standard  errors 
are  reduced  but  not  significantly. 

Measuring  two  upper  bole  diameters  at  one-fourth 
and  one-half  total  height  will  result  in  further  signifi- 
cant increases  in  precision.  Improvements  over  the 
D'H  model  range  from  17  to  53  percent  for  bole  wood 
and  total  bole  and  from  6  to  9  percent  for  bark. 

Taking  additional  bole  measures  means  a  higher 
inventory  cost,  since  more  time  will  be  spent  at  each 
tree,  but  most  of  the  inventory  cost  is  in  traveling  to 
the  candidate  tree.  Data  presented  in  this  paper  allow 
total  and  merchantable  bole  estimates  to  be  made 
with  high  reliability.  Each  user  has  to  decide  when 
increased  precision  is  needed  and  whether  the  need 
offsets  the  higher  cost. 

LOCAL  VOLUME  TABLES 

There  are  many  occasions  when  the  only  tree  varia- 
ble available  is  dbh,  or  perhaps  only  a  rough  estimate 
of  tree  volume  or  weight  is  needed.  In  these  cases  a 
local  volume  table  will  suffice.  Table  7  gives  the  sta- 


YuL.  =  EXP  <  Ln(Y)±Z 


{ 


tistics  needed  for  estimating  by  the  local  volume 
table  technique.  However,  it  must  be  realized  that 
estimation  precision  may  be  considerably  lessened. 
The  local  volume  or  weight  model  is 

Ln(Y)  =  bo  +  b,Ln(D^).  (6) 

Precision  is  significantly  (o>  =0.05)  reduced  when 

only  dbh  is  used  to  predict  bole  wood,  total  bole,  emd 

total  tree.  But  bark  estimates  are  more  precise  using 

the  local  equations. 

CALCULATING  CONFIDENCE  LIMITS 

Confidence  limits  ((1  -o> )  percent  confidence  lim- 
its) of  individual  predictions  can  be  calculated  using 
statistics  presented  in  table  8.  Clark  et  al.  (1980)  used 
the  technique  of  Land  (1972)  to  estimate  approximate 
confidence  limits  for  lognormal  means  of  scarlet  oak: 

L     '     Ln    E(X-X)J 

Q"  '/2  -v 

2(n+l)J      / 
where: 

Yu  L  =  upper  and  lower  limits  for  Y, 
EXP=  base  of  natural  logarithm;  EXP   =   e 
=  2.71828, 
Y  =  predicted  volume  or  weight  of  compo- 
nent, 
Z^  ,2  =  value  for  the  upper  a  /2  percentage 

point  from  the  standard  normal  table, 
Sy  x=  standard  error  of  estimate  for  predic- 
tion equation, 
n=  number    of   observations    used    to 
_     develop  the  equation, 
_X=  sample  mean  of  Ln(X), 
i;(X  -  X)-  =  corrected  sum  of  squares  for  Ln(X), 

X=  Ln(D^H);  D  =  dbh  and  H  =  total  height 
of  tree  for  which  Y  is  predicted. 
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Table  1.— Regression  statistics  for  predicting  sugarberry  tree  volumes  and  weights  using  dbh  ana 
total  height' 


Average 

Fit 

C.V. 

Component 

Y 

b„ 

b, 

index' 

Se- 

percent' 

Volume  (cubic  feet) 

Bole  wood 

13.1 

-5.862 

0.95323 

0.988 

1.81 

13.8 

Bole  bark 

1.2 

-7.223 

0.83390 

0.825 

0.67 

56.9 

Total  bole 

14.3 

-5.649 

0.93856 

0.986 

2.07 

14.5 

Total  tree, 

21.1 

-5.484 

0.95437 

0.962 

5.28 

25.0 

excluding 

leaves 

Green  weight  (pounds) 

Bole  wood 

708 

-1.892 

0.95566 

0.984 

111 

15.6 

Bole  bark 

78 

-3.332 

0.86691 

0.806 

48 

62.2 

Total  bole 

786 

-1.683 

0.94340 

0.983 

126 

16.1 

Total  tree, 

1158 

-1.515 

0.95778 

0.963 

283 

24.4 

excluding 

leaves 

Dry  weight  (pounds) 

Bole  wood 

393 

-2.474 

0.95535 

0.982 

64 

16.4 

Bole  bark 

48 

-4.067 

0.89204 

0.792 

32 

66.1 

Total  bole 

441 

-2.287 

0.94643 

0.984 

70 

15.8 

Total  tree. 

652 

-2.118 

0.96116 

0.963 

160 

24.5 

excluding 

leaves 

'Volumes  and  weights  of  trees  from  a  1-foot  stump  to  the  tree  tip,  using  Ln{Y)  =  bo  +  b,  Ln(D'H); 
D  =  dbh,  H  =  toted  tree  height.        _ 

Tit  index  =  1.0  -  [E(Y  -  Y)'  /  EIY  -  Y)'],  using  untransformed  values. 
'Se  =  [E(Y  -  Y)'  /  (n  -  2)]  ',  using  untransformed  values. 
'Coefficient  of  variation  =  100  S,,  /  Y. 


Table  2.— Cubic-foot  volume  for  sugarberry  bole  wood,  bole  wood  plus  bark,  and  total  tree' 


Total  height  in  feet 

Dbh 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

inches 
1 

,  . 

■feet 

0.03^ 

0.05 

CU  OIC 

0.03' 

0.06 

0.04 

0.07 

2 

0.10 
0.11 
0.14 

0.19 
0.22 
0.27 

0.27 
0.31 
0.40 

3 

0.40 
0.46 
0.59 

0.59 
0.67 
0.87 

0.78 
0.88 
1.14 

4 

0.70 
0.79 
1.02 

1.02 
1.16 
1.50 

1.35 
1.52 
1.98 

1.67 
1.87 
2.45 

1.98 
2.22 
2.91 

■ 

5 

1.57 
1.76 
2.30 

2.06 
2.30 
3.03 

2.55 
2.84 
3.75 

3.03 
3.37 
4.46 

6 

2.92 
3.24 
4.29 

3.61 
4.00 
5.31 

4.29 
4.75 
6.32 

4.97 
5.48 
7.32 

7 

3.91 
4.33 
5.76 

4.84 
5.34 
7.13 

5.76 
6.34 

8.48 

6.67 
7.32 

9.82 

7.58 

8.30 

11.20 

8 

5.05 
5.57 
7.43 

6.24 
6.86 
9.19 

7.43 

8.14 

10.90 

8.60 

9.41 

12.70 

9.77 
10.70 
14.40 

9 

7.81 

8.56 

11.50 

9.30 
10.20 
13.70 

10.8 
11.7 
15.9 

12.2 
13.3 
18.0 

10 

9.55 
10.40 
14.10 

11.4 
12.4 
16.7 

13,2 
14.3 
19.4 

14.9 
16.2 
22.0 

16.7 
18.1 
24.7 

11 

11.5 
12.5 
16.9 

13.6 
14.8 
20.1 

15.8 
17.1 
23.3 

17.9 
19.4 
26.4 

20.1 
21.7 
29.6 

12 

13.5 
14.7 
19.9 

16.1 
17.4 
23.7 

18.6 
20.1 
27.5 

21.2 
22.8 
31.2 

23.7 
25.5 
34.9 

13 

15.7 
17.1 
23.2 

18.7 
20.3 
27.6 

21.7 
23.4 
32.0 

24.7 
26.5 
36.4 

27.6 
29.6 
40.7 

14 

21.6 
23.3 
31.8 

25.0 
26.9 

36.9 

28.4 
30.5 
41.9 

31.8 
34.1 
46.9 

15 

24.6 
26.5 
36.3 

28.5 
30.6 
42.1 

.32.4 
34.7 

47.8 

36.2 
38.8 
53.5 

16 

27.8 
29.9 
41.1 

32.2 
34.6 
47.6 

36.6 
39.2 
54.1 

41.0 
43.8 
60.5 

45.3 
48.3 
66.9 

17 

31.3 
33.5 
46.1 

36.2 
38.7 
53.4 

41.1 
43.9 
60.7 

46.0 
49.0 
67.9 

50.9 
54.1 
75.1 

18 

34.9 
37.3 
51.4 

40.4 
43.1 
59.6 

45.8 
48.9 
67.7 

51.3 
54.6 

75.7 

56.7 
60.3 

83.8 

Table  2.- 

-Cubic-foot  volume  for  sugarberry  bole  wood,  bole  wood  plus  bark,  and  total  tree— (Continued) 

Total  height  in  feet 

Dbh 

10                    20                   30                   40                    50                     60                     70 

80 

90 

100 

inches cubic  feet 

19 


20 


21 


22 


23 


24 


25 


26 


38.6 

44.8 

50.8 

56.9 

62.9 

41.3 

47.7 

54.1 

60.4 

66.7 

57.0 

66.1 

75.1 

84.0 

92.8 

42.6 

49.4 

56.0 

62.7 

69.3 

45.5 

52.5 

59.6 

66.5 

73.4 

62.9 

72.9 

82.8 

92.6 

102.0 

46.8 

54.2 

61.5 

68.8 

76.1 

49.8 

57.6 

65.3 

72.9 

80.5 

69.0 

80.0 

90.9 

102.0 

112.0 

51.1 

59.2 

67.2 

75.2 

83.2 

54.4 

62.8 

71.2 

79.6 

87.8 

75.4 

87.4 

99.3 

111.0 

123.0 

55.6 

64.4 

73.2 

81.9 

90.5 

59.1 

68.3 

77.4 

86.5 

95.5 

82.1 

95.2 

108.0 

121.0 

134.0 

60.3 

69.9 

79.3 

88.8 

98.2 

64.0 

74.0 

83.9 

93.7 

103.0 

89.1 

103.0 

117.0 

131.0 

145.0 

65.2 

75.5 

85.8 

96.0 

106 

69.1 

79.9 

90.6 

101.0 

112 

96.3 

112.0 

127.0 

142.0 

157 

70.3 

81.4 

92.4 

103 

114 

74.4 

86.0 

97.5 

109 

120 

104.0 

120.0 

137,0 

153 

169 

'Tree  volume  from  a  1-foot  stump  to  the  tree  tip. 

■The  three  vertical  figures  for  each  dbh  give  volumes  of  bole  wood  first,  bole  wood  plus  bark  second,  and  total  tree  (bole  wood  plus  bark  plus 
hmbs  excluding  leaves)  last. 
'Boldface  numbers  span  the  range  of  the  data. 


Table  3.- 

-Green  weight  in  pounds  for  sugarberry  bole  wood,  bole  wood  plus  bark,  and  total  tree' 

Total  height  in  feet 

Dbh 

10                     20                   30                   40                    50                     60                     70 

80 

90 

100 

inches pounds 

1  1.4^  2.6 
1.6'  3.1 
2.0                    3.9 

2  5.1  9.9  15 
6.0  11.6  17 
7.5                  14.6                  22 

3  22  32  42 
25  37  48 
32         47       62 

4  37  55  72  90  107 
43  63  82  102  121 
55         81       107        133       158 

5  84       HI        137       164 

96       126        155       184 

125       164       203       242 


157  195  232  268 

177  219  260  301 

233  288  343  398 

211  261  311  360  410 

237  293  348  402  456 

313  387  461  535  608 

273  337  402  465  529 

305  377  447  517  587 

404  500  596  691  785 


Table  3.— Green  weight  in  pounds  for  sugarberry  bole  wood,  bole  wood  plus  bark,  and  total  tree— (Continued) 


Total  height  in  feet 


Dbh 


10 


20 


30 


40 


50 


60 


70 


80 


90 


100 


inches 
9 


10 


-pounds  - 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


422 
470 
627 

517 
574 
767 

620 
687 
921 

732 

809 
1088 

853 

941 

1268 


503 
559 

747 

615 
681 
913 

738 

816 

10% 

872 

961 

1295 

1016 
1118 
1510 

1170 
1286 
1740 

1335 
1464 
1986 

1510 
1654 
2247 

1696 
1854 
2524 

1892 
2066 
2816 
2098 
2287 
3124 

2314 
2520 
3446 

2540 
2763 

3784 

2776 
3016 
4136 

3022 
3280 
4504 

3278 
3554 
4887 

3544 
3839 
5284 

3820 
4134 
5696 


583 
646 
865 

713 

788 

1059 

855 

943 

1271 

1010 
1112 
1501 

1177 
1293 
1750 

1356 
1487 
2017 

1547 
1694 
2302 

1750 
1913 
2605 

1965 
2145 
2926 

2192 
2389 
3264 

2431 
2645 
3621 

2681 
2914 
3994 

2943 
3195 
4386 

3217 
3488 
4794 

3502 
3794 
5221 

3799 
4111 
5664 

4107 
4440 
6125 

4427 
4781 
6602 


662 
733 
983 

810 

894 

1203 

972 
1070 
1444 

1147 
1261 
1706 

1337 
1466 
1989 

1540 
1686 
2292 

1758 
1921 
2616 

1988 
2170 
2960 

2233 
2433 
3325 

2490 
2710 
3710 

2761 
3001 
4114 

3046 
3306 
4539 

3344 
3624 
4984 

3654 
3957 
5448 

3979 
4303 
5933 

4316 
4663 
6437 

4666 
5036 
6960 

5029 
5423 
7503 


906 
999 

1347 

1087 
1196 
1617 

1284 
1409 
1910 

1496 
1639 
2226 

1724 
1885 
2566 

1967 
2147 
2929 

2225 
2425 
3314 

2499 
2718 
3722 

2787 
3028 
4153 
3090 
3353 
4606 

3409 
3694 
5081 

3742 
4050 
5579 

4090 
4422 
6099 

4452 
4809 
6641 

4830 
5211 
7205 

5222 
5628 
7791 

5628 
6060 
8399 


2461 
2678 
3666 

2763 
3003 
4117 

3082 
3344 
4594 

3418 
3704 
5095 

3770 
4080 
5621 

4138 
4473 
6172 

4523 

4884 
6747 

4924 
5311 
7346 

5341 
5755 
7970 

5775 
6216 
8619 

6224 
6694 
9291 


'Tree  weight  from  a  1-foot  stump  to  the  tree  tip. 

'The  three  vertical  figures  for  each  dbh  give  weights  of  bole  wood  first,  bole 
limbs  excluding  leaves)  last. 
'Boldface  numbers  span  the  range  of  the  data. 


wood  plus  beirk  second,  and  total  tree  (bole  wood  plus  bark  plus 


Table  4. 

—Dry  weight  in  pounds  for  sugarberry  bole  wood,  bole  wood  plus  bark,  and  total  tree' 

Total  height  in  feet 

Dbh 

10                    20                   30                   40                    50                     60 

70 

80 

90 

100 

inches 
1 


-pounds- 


0.8^ 
0.9' 
1.1 

2.9 
3.3 
4.2 


1.5 
1.7 
2.1 

5.5 
6.4 
8.1 

12 
14 
18 

21 
24 
31 


8.2 

9.4 

12.0 

18 
20 
26 

31 
35 
45 

47 
53 
70 


23 

27 
34 

40 
46 
60 

62 
70 
92 


99 
131 

118 
133 
176 

152 
171 
227 


10 


11 


12 


13 


14 


15 


16 


17 


18 


50 
57 
74 

77 

87 

114 

109 
122 
162 

146 
164 
218 

188 
211 
281 

235 
264 
353 

288 
322 
432 

346 
385 
519 

408 
454 
613 

475 
529 

715 


60 

67 
88 

91 
103 
136 

129 
145 
193 

173 
195 
259 

224 
251 
335 

280 
313 
420 

343 
382 
515 

411 

458 
618 

486 
540 
731 

576 
628 

852 

652 
723 
983 

744 

824 

1122 

841 

931 

1270 

945 
1044 

1427 

1054 
1163 
1593 


150 
168 
224 

201 
225 
301 

259 
290 
389 

325 
362 

487 

397 
442 
597 

476 
530 

717 

563 
625 

847 

656 

727 
988 

755 

837 

1140 

862 

953 

1301 

975 
1077 
1473 

1095 
1208 
1655 

1221 
1346 

1848 


228 
256 
342 

295 
329 
442 

369 
411 
554 

451 
502 
679 

541 
601 
815 

639 
709 
964 

745 

825 

1124 

858 

949 

1296 

979 
1082 
1480 

1108 
1222 
1675 

1244 
1371 

1882 

1387 
1527 
2101 


505 
561 
760 

606 

672 
913 

715 

793 

1079 

834 

922 

1259 

960 
1061 
1451 

1096 
1209 
1657 

1240 
1366 

1876 

1392 
1532 
2108 

1552 
1708 
2353 


1371 
1510 
2076 

1539 
1693 
2332 

1717 
1887 
2603 


Table  A.— Dry  weight  in  pounds  for  sugarberry  bole  wood,  bole  wood  plus  bark,  and  total  tree— (Continued) 


Total  height  in  feet 


Dbh 


10 


20 


30 


40 


50 


60 


70 


80 


90 


100 


inches 
19 


20 


-pounds 


21 


22 


23 


24 


25 


26 


1168 

1354 

1538 

1721 

1904 

1289 

1491 

1692 

1892 

2090 

1768 

2050 

2331 

2610 

2888 

1289 

1493 

1696 

1899 

2100 

1420 

1643 

1865 

2084 

2303 

1951 

2263 

2572 

2881 

3188 

1415 

1639 

1862 

2084 

2305 

1558 

1802 

2045 

2286 

2526 

2143 

2485 

2825 

3164 

3501 

1546 

1792 

2035 

2278 

2519 

1701 

1968 

2233 

2497 

2758 

2343 

2717 

3090 

3460 

3829 

1683 

1950 

2216 

2480 

2742 

1850 

2141 

2429 

2716 

3000 

2552 

2960 

3365 

3769 

4170 

1826 

2116 

2403 

2690 

2975 

2005 

2320 

2633 

2944 

3252 

2770 

3212 

3652 

4090 

4526 

1974 

2287 

2598 

2908 

3216 

2167 

2507 

2845 

3180 

3513 

2996 

3474 

3950 

4424 

4895 

2128 

2465 

2801 

3134 

3466 

2334 

2700 

3064 

3425 

3784 

3231 

3747 

4260 

4770 

5279 

'Tree  weight  from  a  1-foot  stump  to  the  tree  tip. 

-The  three  vertical  figures  for  each  dbh  give  weights  of  bole  wood  first,  bole  wood  plus  bark  second,  and  total  tree  (bole  wood  plus  bark  plus 
limbs  excluding  leaves)  last. 
'Boldface  numbers  span  the  range  of  the  data. 


Table  5. — Regression  statistics  for  predicting  sugarberry  bole  volumes  and  weights  using  two  bole 
diameter  measurements  and  total  height^ 


Component 


Average 
Y 


b„ 


Fit 
index- 


Se' 


c.v. 

percent' 


Volume  (cubic  feet) 


Bole  wood 

13.1 

-5.802 

0.98071      0.994 

1.24* 

9.5 

Bole  bark 

1.2 

-7.185 

0.85923      0.847 

0.62 

53.2 

Total  bole 

14.3 

-5.591 

0.96572      0.996 
Green  weight  (pounds) 

1.12* 

7.9 

Bole  wood 

708 

-1.834 

0.98331      0.989 

91* 

12.9 

Bole  bark 

78 

-3.295 

0.89339      0.829 

45 

58.3 

Total  bole 

786 

-1.627 

0.97083      0.992 
Dry  weight  (pounds) 

86* 

11.0 

Bole  wood 

393 

-2.415 

0,98301      0.986 

58 

14.7 

Bole  bark 

48 

-4.030 

0.91937      0.816 

30 

62.2 

Total  bole 

441 

-2.231 

0.97398      0.992 

49* 

11.2 

'Volumes   and   weights   of  trees   from   a    1-foot   stump   to  the   tree   tip,   using  Ln(Y)  =  bo-t-b, 
Ln(D  •  Di ,  ■  H);  D  =  dbh,  H  =  total  tree  height,  D  ,  =  bole  diameter  outside  bark  at  VzH. 
Tit  index  =  1.0  -  [E(Y  -  Y)^  /  i:(Y  -  Y)'],  using  untransformed  values. 
'Se  =  [i;(Y  -  Y)'  /  (n  -  2)]',  using  untransformed  values. 
'Coefficient  of  variation  =  100  Sc  /  Y. 
♦Significantly  more  precise  by  the  F  test  than  D'H  model;  a  =  0.05. 
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Table  6. —Regression  statistics  for  predicting  sugarberry  bole  volumes  and  weights  using  three 
bole  diameter  measurements  and  total  height' 


Component 

Average 
Y 

b„ 

Fit 
b,                  index' 

Se' 

C.V. 
percent' 

Volume  (cubic  feet) 

Bole  wood 
Bole  bark 
Total  bole 

13.1 

1.2 

14.3 

-6.513 
-7.812 
-6.292 

1.00617              0.996 
0.88195              0.852 
0.99084              0.999 

Green  weight  (pounds) 

1.00* 

0.61 

0.64* 

7.7 

52.3 

4.5 

Bole  wood 
Bole  bark 
Total  bole 

708 

78 

786 

-2.547 
-3.946 
-2.331 

1.00883              0.991 
0.91693             0.835 
0.99606              0.995 

Dry  weight  (pounds) 

83* 

45 

71* 

11.8 

57.3 

9.0 

Bole  wood 
Bole  bark 
Total  bole 

393 

48 
441 

-3.128 
-4.701 
-2.938 

1.00857              0.988 
0.94369              0.821 
0.99936              0.995 

53* 

30 

40* 

13.6 

61.3 

9.1 

'Volumes  and  weights  of  trees  from  a  1-foot  stump  to  the  tree  tip,  using  Ln(Y)  =  bo  +  b, 
Ln[(DD.,+  D'.JH];  D  =  dbh,  H  =  total  tree  height,  Di,  and  D..  =  bole  diameters  outside  bark  at 
ViH  and  '4 H,  respectively. 

Tit  index  =  1.0  -  [E(Y  -  Y)'  /  L{Y  -  Y)-],  using  untransformed  values. 

'Se=  [E(Y- Y)^  /(n-  2)1  ■,  using  untransformed  values. 

'Coefficient  of  variation  =  100  Se  /  Y. 

*  Significantly  more  precise  by  the  F  test  than  DD.,H  model;  a  =0.05. 

*Significantly  more  precise  by  the  F  test  than  D'H  model;  a  =  0.05. 


Table  1.— Local  volume  and  weight  equations  for  sugarberry ' 


Average 

Fit 

C.V. 

Component 

Y 

bo 

b, 

index- 

Se' 

percent' 

Volume  (cubic  feet) 

Bole  wood 

13.1 

-3.179 

1.23777 

0.934 

4.18* 

31.9 

Bole  bark 

1.2 

-  4.904 

1.08668 

0.880 

0.56* 

47.1 

Total  bole 

14.3 

-3.011 

1.21917 

0.950 

3.95* 

27.7 

Total  tree. 

21.1 

-2.819 

1.24272 

0.949 

6.08 

28.8 

excluding 

leaves 

Green  weight  (pounds) 

Bole  wood 

708 

0.796 

1.24113 

0.919 

249* 

35.2 

Bole  bark 

78 

-0.916 

1.12891 

0.861 

41* 

52.6 

Total  bole 

786 

0.967 

1.22559 

0.939 

241* 

30.7 

Total  tree. 

1158 

1.159 

1.24723 

0.946 

344* 

29.7 

excluding 

leaves 

Dry  weight  (pounds) 

Bole  wood 

393 

0.217 

1.24031 

0.909 

146* 

37.1 

Bole  bark 

48 

-1.591 

1.16320 

0.849 

27* 

56.2 

Total  bole 

441 

0.373 

1.22941 

0.934 

140* 

31.7 

Total  tree. 

652 

0.566 

1.25157 

0.941 

202* 

30.9 

excluding 

leaves 

'Volumes  and  weights  of  trees  from  a  1-foot  stump  to  the  tree  tip,  using  Ln(Y)  =  bo  +  b,  Ln(D'); 
D  =  dbh. 

'Fit  index  =1.0  -  [E(Y-Y)' /  LIY-Y)-].  using  untransformed  values. 
'Sc=  [E(Y- Y)'/(n-2))'\  using  untransformed  values. 
'Coefficient  of  variation  =  100  Sc  /  Y. 

*  Significantly  more  precise  by  the  F  test  than  D'H  model;  a  =  0.005. 
♦Significantly  less  precise  by  the  F  test  than  D'H  model;  a  =  0.05. 
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Table  8.— Statistics  for  estimating  confidence  bounds  for  sugarberry  predictions  for  the  bole  and 
total  tree 


Corrected  sum 

s,. 

Independent 

Mean  of 

of  squares 

Standard  error 

of  estimate 

variable  -  X 

n 

X 

forX' 

for  tree  components 

Bole  predictions 

Volume 

Wood 
0.1915 

Bark 
0.3029 

Total 

Ln(D') 

121 

3.556 

354.483 

0.1775 

Green  weight 

0.2053 

0.3616 

0.1983 

Dry  weight 

0.2178 

0.3408 

0.2017 

Ln(D'H) 

121 

7.422 

600.271 

Volume 

0.1306 

0.3188 

0.1255 

Green  weight 

0.1548 

0.3690 

0.1560 

Dry  weight 

0.1617 

0.3644 

0.1574 

Ln(D  Di.H) 

121 

7.148 

568.328 

Volume 

0.0847 

0.2889 

0.0716 

Green  weight 

0.1143 

0.3396 

0.1119 

Dry  weight 

0.1227 

0.3315 

0.1116 

Ln[(DD.,+  D' 

,)H]    121 

7.672 

540.282 

Volume 

0.0643 

0.2791 

0.0423 

Green  weight 

0.1004 

0.3315 

0.0964 

Dry  weight 

0.1079 

0.3215 

0.0929 

Total  tree  predictions 

Volume 

Total  tree 
0.1540 

Ln(D-') 

115 

3.491 

344.521 

Green  weight 

0.1774 

Dry  weight 

0.1786 

Ln(D'H) 

115 

7.339 

584.102 

Volume 
Green  weight 
Dry  weight 

0.1555 
0.1800 
0.1799 

'E(X  -  XP  in  base  e  logarithmic  units. 
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APPENDIX 


Examples  Using  the  Equations 


In  this  section  examples  are  presented  to  illustrate 
use  of  the  equations.  The  following  tabulation  gives 
data  used  to  illustrate  equation  use: 
D=  21.7  in. 
H=  75.0  ft. 
Dv.=  15.5  in. 
D„3-  14.8  in. 
D,,=  11.5  in. 
Bole  wood  volume  (V)  is  calculated  using  X  =  D^H 
and  the  parameter  estimates  from  table  1  as  follows: 
Ln(V)-  bo  +  b,Ln(D^H) 

=  -5.862 +  0.95323  Ln  (21.7  X  21.7  X 

75.0) 
=  -5.862  +  0.95323  Ln  (35316.75) 
=  -5.862  +  0.95323(10.472) 
=  -5.862  +  9.982 
Ln(V)=  4.120 

V  -  e'"^'';  bole  wood  volume  =  61.6  ft'. 
To  calculate  total  green  bole  weight  (W)  using 
X  =  D  •  D, ,  •  H  and  the  parameter  estimates  from  table 
5: 

Ln(W)=  bo  +  b,Ln(DD,/H) 

=  -1.627 +  0.97083  Ln  (21.7  X  14.8  X 

75.0) 
=  -  1.627  +  0.97083  Ln  (24087.00) 
=  -1.627  +  0.97083(10.089) 
=  -1.627  +  9.795 
Ln(W)=  8.168 

W  =  e^'^-s;  total  bole  green  weight  =  3526  lb. 
To  calculate  bole  dry   weight   (W)   using  X    = 
[(DDy,  +  D^JH]  and  the  parameter  estimates  from 
table  6: 

Ln(W)  =  bo  +  b,  Ln  [(D  •  D,,  +  D^,)H] 

=  -  2.938  + 0.99936  Ln  [(21.7x11.5  + 

15.5  X  15.5)  X  75.0] 
=  -2.938  + 0.99936  Ln  [(249.55 +  240.25) 
X75.0] 


=  -2.938  + 0.99936  Ln  [489.80x75.0] 
=  -2.938  + 0.99936  Ln  [36735.00] 
=  -2.938  +  0.99936(10.511) 

-  -2.938  +  10.504 
Ln(W)=  7.566 

W  =  e'  5^0;  total  bole  dry  weight  =  1931  lb. 
Merchantable  bole  estimates  to,  say,  an  8-inch  top 
are  calculated  using  equation  3  to  estimate  the  mer- 
chantable portion  of  the  bole  and  then  multiplying 
that  proportion  (R8)  by  the  predicted  bole  estimate  of 
interest.  Letting  DI  =  8.0,  X  =  [(21.7 -8.0)/21.7],  or 
X  =  0.631,  and  from  (3): 

R8=  [1.0  +  EXP(1.58529  +  1.83111  (0.631)- 
51.10565(0.631)^  +  91.90861(0.631)'- 
54.30496(0.631)^)]    ' 
=  [1.0  +  EXP(1. 58529+1.83111  (0.631)- 
51.10565  (0.39816)  +  91. 90861  (0.25124)- 
54.30496(0.15853))]    ' 

-  [1.0  +  EXP  (1.58529  +  1.15543  -  20.34823 
+  23.09112-8.60897)]-' 

=  [1.0  +  EXP  (- 3.12536)]    ' 
=  [1.0  +  0.04392]   ' 
=  [1.04392]   ' 
R8=  0.958. 

Then  bole  wood  volume  to  an  8-inch  top  (V8)  can  be 
calculated: 

V8  =  (R8)(predicted  total  bole  wood  volume) 
=  (0.958)(61.6) 
=  59.0  ft'. 
Of  course,  total  bole  volumes  or  weights  can  be  cal- 
culated using  any  one  of  the  three  sets  of  parameter 
estimates  given  in  tables  1,  5,  or  6.  Then  any  of  these 
total  bole  calculations  can  be  used  with  the  estimate 
of  merchantable  proportion  to  calculate  merchantable 
bole  values.  The  choice  of  which  set  of  equations  to 
use  is  left  to  the  user,  who  must  balance  inventory 
precision  ageiinst  inventory  cost. 
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SUMMARY 

Volume  and  weight  tables  were  constructed  from  a  70-tree  sample  of  green 
ash  (Fraxinus  pennsylvanica  Marsh.)  taken  in  the  Mississippi  Delta.  The 
tables  present  cubic-foot  volume,  green  weight,  and  dry  weight  of  bole  wood, 
bole  wood  plus  bark,  and  total  tree  excluding  leaves  above  a  1-foot  stump  as 
predicted  from  the  allometric  model  Ln  Y  =  bo  +  b,Ln(D-H).  Merchantable  bole 
volume  and  weight  estimates  can  be  made  to  any  outside  bark  diameter  limit. 
More  precise  bole  estimates  can  be  obtained  from  equations  using  upper  bole 
diameters  taken  at  relative  heights  of  25,  33,  and  50  percent  of  total  tree 
height. 


Green  Ash  Volume  and  Weight  Tables 

Bryce  E.  Schlaegel 


INTRODUCTION 

Green  ash  (Fraxinus  pennsylvanica  Marsh.)  is  dis- 
tributed over  most  of  the  United  States  £ind  southern 
Canada  east  of  the  Rocky  Mountains  (Little  1979) 
(fig.  1).  It  is  most  commonly  found  on  alluvial  soils 
along  rivers  and  streams.  On  good  sites  it  can  devel- 
ope  a  large,  clear  bole,  reach  a  height  of  110  feet,  and 
have  a  dbh  in  excess  of  30  inches.  Commonly  the  trees 
reach  heights  of  60  to  80  feet  with  dbh  ranging  from 
22  to  26  inches. 

In  recent  years  there  has  been  considerable 
demand  for  volume  and  weight  tables  for  bottomland 
hardwood  species.  This  paper  is  the  sixth  in  a  series  of 
six  giving  both  volume  and  weight  tables  for  some  of 
the  major  bottomland  hardwood  species.  The  other 
five  species  in  the  series  are  willow  oak  (Quercus  phel- 
los  L.)  (Schlaegel  1981),  Nuttall  oak  (Q.  nuttallii  Pal- 
mer) (Schlaegel  and  Willson  1983),  overcup  oak  (Q. 
lyrata  Walt.)  (Schlaegel  1984a),  sugarberry  (Celtis 
laevigata  Willd.)  (Schlaegel  1984b),  and  sweetgum 
(Liquidambar  styraciflua  L.)  (Schlaegel  1984c). 


METHODS 

The  data  were  collected  from  12  natural  bottom- 
land hardwood  stands  in  west-central  Mississippi. 
Stands  were  either  even-  or  uneven-aged  with  a  mixed 
species  composition.  Each  stand  was  measured  for 
species  composition  and  diameter  distribution;  70 
trees,  ranging  in  dbh  from  1  through  31  inches,  were 
chosen  for  destructive  sampling.  The  sample  con- 
sisted of  growing  stock  trees  from  both  the  overstory 
and  understory  with  healthy  crowns  and  no  visible 
signs  of  disease  or  decay.  When  av£iilable,  three  trees 
were  selected  from  each  1-inch  diameter  class.  Cut- 
ting was  done  throughout  the  year. 

Stump  height  and  total  height  were  measured  on 
each  felled  sample  tree.  Disks  about  1-inch  thick  were 
cut  from  the  bole  at  regular  intervals  from  the  stump 
to  the  top  of  the  tree.  These  were  then  sealed  in  sepa- 
rate polyethylene  bags  for  laboratory  determination 
of  moisture  content  and  specific  gravity.  The  first 
disk  was  at  stump  height  and  the  remainder  at  5-foot 
intervals  measured  from  ground  level  for  trees  5 


intervals  measured  from  ground  level  for  trees  5 
inches  dbh  and  larger  and  at  3-foot  intervals  for  trees 
smaller  than  5  inches  dbh.  All  limbs,  including  leaves, 
were  weighed  on  65  of  the  trees. 

In  the  laboratory,  both  wood  and  bark  moisture 
content  and  specific  gravity  were  determined  as  fol- 
lows: 

1.  Wood  and  bark  were  separated  with  a  hammer 
and  chisel. 

2.  Each  component  was  weighed  green. 

3.  Both  wood  and  bark  were  soaked  in  water  for  at 
least  an  hour  to  ensure  complete  swelling. 

4.  Volumes  were  obtained  by  immersion  (Hein- 
richs  and  Lassen  1970). 

5.  Wood  and  bark  were  dried  in  a  forced- air  oven 
at  105°C  for  at  least  48  hours. 

6.  Wood  or  bark  moisture  content  = 

green  weight  -  ovendry  weight 
ovendry  weight 

7.  Specific  gravity  = 

ovendry  wood  or  bark  weight  (g) 
green  wood  or  bark  volume  (cm') 
Average  tree  moisture  content  and  specific  gravity 
were  calculated  from  weighted  averages  of  the  disk 
moisture  contents  and  specific  gravities;  each  disk 
specific  gravity  or  moisture  content  was  weighted  by 
its  squared  average  diameter. 

Taper  functions  (Schlaegel  1981,  Schlaegel  and 
Willson  1983)  of  the  form 

Y  -b,(X'-l)  +  b,(X— 1)  +  ...  +  bp(X''-l) 
where 

Y  =d/D, 

d  =  diameter  at  height  h  on  the  bole, 

D  =  dbh, 

X=h/H, 

h  =  height  from  ground  to  a  specific  measure- 
ment point, 

H  =  total  height, 

bi  =  coefficients  estimated  for  each  tree  by  linear 
regression;  i  =  1,  2, . . .  p;  4<p<7, 
were  calculated  for  each  tree,  both  inside  and  outside 
bark.  Cubic-foot  volumes  were  obtained  for  each  tree 
by  integrating  the  taper  function  to  heights  of  spe- 
cific top  diameters  to  obtain  both  total  and  merchant- 
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able  bole  volumes.  Bole  green  and  dry  weights  were 
calculated  from  estimated  tree  volume  and  weighted 
average  tree  density  and  moisture  content. 

Allometric  regression  equations  were  used  to  esti- 
mate volume,  green  weight,  and  dry  weight  of  bole 
wood,  bole  wood  plus  bark,  and  bole  wood  plus  bark 
plus  limbs. 


RESULTS 

Characteristics  of  the  trees  used  in 

this  study  are 

Average 

Range 

Age  (years) 

50 

14-168 

Dbh  (in) 

8.0 

0.9-30.6 

Total  height  (ft) 

51 

14-110 

Wood  moisture  content 

(percent) 

57 

40-141 

Bark  moisture  content 

(percent) 

115 

45-236 

Wood  specific  gravity 

0.563 

0.416-0.694 

Bark  specific  gravity 

0.456 

0.259-0.610 

Wood  +  bark  green 

density  (lb/ft) 

55.95 

43.46-72.00 

Wood  +  bark  dry 

density  (lb/ft)) 

33.84 

26.23-40.55 

Wood  +  bark  moisture 

content  (percent) 

66 

46-177 

Wood  +  bark  specific 

gravity 

0.542 

0.420-0.649 

Individual  tree  volumes  and  weights  were  fitted  to 
the  allometric  model: 

Ln(Y)  =  bo  +  b,Ln(D^H)  (1) 

where 

Y  =  the  volume  or  weight  variable  of  interest, 

Ln  is  a  natural  logarithm; 

bo  and  b,  are  coefficients  estimated  from  the 

data. 
Estimates  of  the  coefficients  bo  and  b,  are  pre- 
sented in  table  1  for  predicting  cubic  foot  volume  and 
green  and  dry  weight  of  bole  wood,  bole  bark,  total 
bole,  and  total  tree  excluding  leaves.  Additional  sta- 
tistics presented  are  the  component  average,  fit 
index,  regression  standard  error  of  estimate  (Se)  based 
on  residuals  after  converting  to  actual  units,  and  coef- 
ficient of  variation  (C.V.)  of  predictions  in  arithmetic 
units.  Fit  index,  which  is  similar  to  R',  is  used  to 
judge  equation  efficiency  when  the  dependent  varia- 
ble has  been  transformed  (Farrar  1978)  and  is  calcu- 
lated in  untransformed  units  from  the  total  and  resi- 
dual sums  of  squares.'  The  fit  index  and  R'  are  equal 
when  a  simple  linear  regression  analysis  is  performed 
on  an  untransformed  dependent  variable. 

Fit  indices  range  from  0.887  for  dry  total  tree 
weight  to  0.975  for  bole  wood  volume.  A  fit  index  of 
1.0  indicates  that  predictions  can  be  made  without 


'FI  =  {1-^(E(Y,-  Y,)-']/[i:(Y,-  ¥)■']} 


Figure  \.—The  range  of  green  ash  (Powells  1965).  (F-506594) 


error  with  the  data  used  to  fit  the  model;  a  value  close 
to  1  is  desirable.  Coefficients  of  variation,  which  Eire 
indices  of  relative  precision  of  prediction,  range  from 
62.6  percent  for  dry  total  tree  weight  to  29.3  percent 
for  bole  wood  volume. 

Using  measures  of  individual  tree  dbh  and  total 
height,  estimates  can  be  made  using  table  1  for  tree 
volume  (given  in  table  2),  green  weight  (given  in  table 
3),  and  dry  weight  (given  in  table  4)  for  bole  wood, 
bole  wood  plus  bark,  and  for  bole  wood  plus  bark  plus 
limbs  excluding  leaves. 

The  equations  were  developed  using  trees  from  a 
limited  geographic  range  compared  to  the  total  range. 
Therefore,  predictions  may  be  less  precise  when  the 
equations  are  applied  in  other  parts  of  the  range. 
Using  an  upper  bole  diameter  measurement  in  addi- 
tion to  dbh  as  described  later  should  alleviate  this 
problem. 

MERCHANTABLE    BOLE    ESTIMATES 

The  merchantable  bole  is  defined  as  the  tree  bole 
from  a  1-foot  stump  to  a  specified  top  diameter,  ignor- 
ing limbs.  Merchantable  bole  volume  or  weight  can  be 
expressed  as  a  proportion  of  the  total  bole  by  a  gener- 
alized form  of  the  logistic  model 

R,  =(1.0  +e"'^')   '  (2) 

where 

R,  =  ratio    of   merchantable    bole    volume    or 
weight   to   total   bole   volume   or   weight, 
where  I  =  top  outside  bark  diameter  of  mer- 
chantable bole, 
X-(D-d,)/D, 

D  =  tree  dbh  outside  bark,  and 
d|  =  outside  bark  top  diameter. 
For  a  specific  top  diameter,  the  ratio  of  merchanta- 
ble bole  to  total  bole  is  the  same  for  volume,  green 
weight,   dry  weight,   and  inside  and  outside  bark 
(Schlaegel  and  Willson  1983). 

Model  2  was  fitted  to  the  overcup  oak  data  for 
trees  >  4.6  inches  dbh,  with  f(X)  =  bo  +  b,X+  b^X' -H 
b,X'  +  h,X\  Inverting  (2)  and  taking  the  natural  log- 
arithm results  in 

/1-R,\ 
Lnl  ^-^l  =  b„+  b,X+  b:X^+  b,X'+  b4X^ 

this  was  solved  using  multiple  linear  regression  tech- 
niques giving: 

R,  =  [1.0  +  EXP  (0.77188  +11.26543  X 
-73.62613  X-^  +  111.38621  X' 
-59.39594X^)1   ;^  (3) 

with  fit  index  =  0.921  and  8^  =  0.065;  EXP  is  the  base 
of  the  natural  logarithm  and  equals  2.71828. 

Volume  or  weight  to  any  top  diameter  (V,)  is  found 
by  multiplying  the  ratio  estimate  obtained  from  (3) 
by  a  total  bole  volume  or  weight  estimate  from  either 
table  2,  3,  or  4: 

V,=  R,Vt. 
where  Vt  is  the  total  bole  volume  or  weight  of  inter- 
est. 


IMPROVED  TOTAL  BOLE 
ESTIMATES 

The  precision  of  the  merchantable  bole  estimate 
depends  upon  accuracy  in  measuring  total  bole.  Total 
bole  estimates  can  be  significantly  improved  by  mea- 
suring one  or  two  additional  diameters.  Tables  5  £uid 
6  give  regression  statistics  for  total  bole  volume  and 
weight  under  two  different  model  forms: 

Ln(Y)  =  bo  +  b,Ln(DD,3H)  (4) 

and 

Ln(Y)  =  b„  +  b,  Ln[(DD.,+  D^,)•H]  (5) 

where  D,  H,  and  Y  are  as  defined  previously,  and  D,„ 
D,,,  and  D,,  are  diameters  measured  outside  the  bark 
at  one-third,  one-half,  and  one-fourth  the  toted  height. 

Statistics  from  tables  5  and  6  show  the  significant 
(ot  =0.05)  improvement  over  the  previous  D^H  equa- 
tions of  table  1.  Measuring  one  additional  diameter  at 
one-third  the  tree  height  reduces  S^  for  all  bole  compo- 
nents from  31  percent  for  dry  bole  bark  to  63  percent 
for  bole  wood  volume. 

Measuring  two  upper  bole  diameters  at  one-fourth 
and  one-half  total  height  will  result  in  further  signifi- 
cant increases  in  precision.  Improvements  over  the 
D-H  model  range  from  46  to  81  percent  for  bole  wood 
and  total  bole  and  from  38  to  49  percent  for  bark. 

Taking  additional  bole  measures  means  a  higher 
inventory  cost,  since  more  time  will  be  spent  at  each 
tree,  but  most  of  the  inventory  cost  is  in  traveling  to 
the  candidate  tree.  Data  presented  in  this  paper  allow 
total  and  merchantable  bole  estimates  to  be  made 
with  high  reliability.  Each  user  has  to  decide  when 
increased  precision  is  needed  and  whether  the  need 
offsets  the  higher  cost. 

LOCAL  VOLUME  TABLES 

There  are  many  occasions  when  the  only  tree  varia- 
ble available  is  dbh,  or  perhaps  only  a  rough  estimate 
of  tree  volume  or  weight  is  needed.  In  these  cases  a 
local  volume  table  will  suffice.  Table  7  gives  the  sta- 
tistics needed  for  estimating  by  the  local  volume 
table  technique.  However,  it  must  be  reahzed  that 
estimation  precision  may  be  considerably  lessened. 
The  local  volume  or  weight  model  is 

Ln(Y)  =  bo  +  b,Ln(D-').  (6) 

Precision  is  significantly  (o  =0.05)  reduced  when 
only  dbh  is  used  for  prediction,  except  for  total  tree 
and  dry  bole  wood. 


CALCULATING  CONFIDENCE  LIMITS 

Confidence  limits  ((l-a)  percent  confidence  lim- 
its) of  individual  predictions  can  be  calculated  using 
statistics  presented  in  table  8.  Clark  et  al.  (1980)  used 
the  technique  of  Land  (1972)  to  estimate  approximate 
confidence  limits  for  lognormal  means  of  scarlet  0£ik: 


U.L. 


EXP 


where: 


I         '      -   [    y    [^    E(X    X)J 

(n+l)J      / 


Yu.L.  =  upper  and  lower  limits  for  Y, 
EXP=  base  of  natural  logarithm;  EXP  =  e  = 
2.71828, 
Y  =  predicted  volume  or  weight  of  compo- 
nent, 
Z„  12  ~  value   for  the  upper   o  12   percentage 

point  from  the  standard  normal  table, 
Sy.x=  standard  error  of  estimate  for  predic- 
tion equation, 
n=  number    of    observations    used    to 
_     develop  the  equation, 
_X  =  sample  mean  of  Ln(X), 
E(X  -  X)-  =  corrected  sum  of  squares  for  Ln(X), 

X=  Ln(D-H);  D  =  dbh  and  H  =  total  height 
of  tree  for  which  Y  is  predicted. 
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Table  1.— Regression  statistics  for  predicting  green  ash  tree  volumes  and  weights  using  dbh  and 
total  height' 


Average 

Fit 

C.V. 

Component 

Y 

b., 

b, 

index^ 

Sc' 

percent' 

Volume  (cubic  feet) 

Bole  wood 

14.4 

-5.817 

0.93265 

0.975 

4.22 

29.3 

Bole  bark 

2.5 

-6.743 

0.85307 

0.939 

0.99 

40.4 

Total  bole 

16.9 

-5.502 

0.91740 

0.973 

4.99 

29.6 

Total  tree, 

22.7 

-5.371 

0.92436 

0.947 

9.60 

42.3 

excluding 

leaves 

Green  weight  (pounds) 

Bole  wood 

717 

-1.616 

0.90470 

0.939 

322 

44.9 

Bole  bark 

127 

-2.335 

0.80534 

0.953 

45 

35.3 

Total  bole 

844 

-1.246 

0.88369 

0.945 

355 

42.0 

Total  tree, 

1138 

-1.104 

0.88814 

0,908 

632 

55.5 

excluding 

leaves 

Dry  weight  (pi 

junds) 

Bole  wood 

469 

-2.123 

0.91416 

0.907 

263 

56.1 

Bole  bark 

77 

-3.536 

0.87524 

0.941 

32 

41.1 

Total  bole 

546 

-1.905 

0.90737 

0.917 

285 

52.3 

Total  tree, 

733 

-1.759 

0.91023 

0.887 

459 

62.6 

excluding 

leaves 

'Volumes  and  weights  of  trees  from  a  1-foot  stump  to  the  tree  tip,  using  Ln(Y)  =  b„ 

D  =  dbh,  H  =  total  tree  height.         _ 

Fit  index  =  1.0  -  [ElY  -  Y)-  /  EIY  -  Y)^],  using  untransformed  values. 
'Sc=  [Ii(Y- Y)- /(n- 2)]    ,  using^untransformed  values. 
"Coefficient  of  variation  =  100  Sc  /  Y. 


b,  Ln(D^H); 


Table  2.— Cubic-foot  volume  for  green  ash  bole  wood,  bole  wood  plus  bark,  and  total  tree ' 


Total  height  in  feet 


Dbh  10  20  30  40  50  60  70  80  90  100  110  120  130 


inches  cubic  feet 

1  0.03^  0.05  0.07  0.09 
0.03'  0.06  0.09  0.12 
0.04           0.07          0.11  0.14 

2  0.09  0.18  0.26  0.34  0.42 
0.12  0.23  0.33  0.43  0.53 
0.14          0.27          0.39          0.51           0.62 

3  0.38  0.55  0.72  0.89 
0.48  0.69  0.90  1.11 
0.57          0.82          1.07           1.32 

4  0.65  0.94  1.23  1.52  1.80 
0.81  1.18  1.53  1.88  2.22 
0.96          1.40          1.83           2.24  2.66 

5  1.43          1.87            2.30  2.73  3.15 

1.77          2.31            2.83  3.34  3.85 

2.11          2.76           3.39  4.01  4.63 

6  2.01          2.63            3.23  3.83  4.43 

2.47          3.22            3.95  4.67  5.38 

2.96          3.86            4.75  5.62  6.48 

7  3.50            4.31  5.11  5.90            6.68 

4.27            5.24  6.20  7.14            8.07 

5.14            6.31  7.47  8.62            9.75 

8  4.49            5.53  6.56  7.57            8.57 

5.46           6.70  7.92  9.12          10.30 

6.57           8.08  9.56  11.0           12.50 

9  5.60           6.89  8.17  9.43          10.7 

6.78           8.32  9.83  11.30         12.8 

8.17          10.00  11.90  13.71          15.5 

10  8.39  9.94  11.5     13.0      14.5 

10.10  11.90  13.7     15.5      17.3 

12.20  14.40  16.7     18.8      21.0 

11  10.0  11.9  13.7     15.5      17.3 

12.0  14.2  16.4  18.5      20.6 
14.6  17.2  19.9     22.5      25.1 

12  11.8  14.0  16.1     18.3      20.4     22.5 

14.1  16.7  19.2  21.7      24.2     26.6 
17.1  20.2  23.3     26.4      29.4     32.4 

13  13.7  16.2  18.7     21.2      23.7     26.1 

16.3  19.3  22.2     25.1      28.0     30.8 

19.8  23.5  27.1     30.6      34.1     37.6 

14 


15 


16 


17 


18 


18.6 

21.5 

24.3 

27.2 

30.0 

22.1 

25.5 

28.8 

32.1 

35.3 

26.9 

31.0 

35.1 

39.1 

43.1 

21.2 

24.4 

27.7 

30.9 

34.1 

25.1 

28.9 

32.7 

36.4 

40.1 

30.6 

35.2 

39.9 

44.5 

49.0 

23.9 

27.6 

31.2 

34.9 

38.5 

28.3 

32.6 

36.8 

41.0 

45.1 

34.4 

39.7 

44.9 

50.1 

55.2 

26.7 

30.9 

35.0 

39.0 

43.1 

31.6 

36.4 

41.1 

45.8 

50.5 

38.5 

44.4 

50.3 

56.0 

61.8 

29.8 

34.4 

38.9 

43.4 

47.9 

35.1 

40.4 

45.7 

50.9 

56.0 

42.8     49.4     55.9      62.3     68.7 


Table  2— Cubic-foot  volume  for  green  ash  bole  wood,  bole  wood  plus  bark,  and  total  tree— (Continued) 


Total  height  in  feet 


Dbh 


10 


20 


30 


40 


50 


60 


70 


80 


90 


100 


110 


120 


inches 
19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


32.9 
38.7 
47.3 

36.2 
42.5 
52.0 

39.7 
46.5 
56.9 

43.3 
50.7 
62.1 

47.0 
55.0 
67.4 

50.9 
59.5 
72.9 

54.9 
64.1 

78.6 

59.1 
68.9 

84.5 

63.4 
73.8 
90.6 


-cubic  feet- 
38.0 
44.6 
54.6 

41.8 
49.0 
60.0 


45.8 
53.6 
65.7 

49.9 
58.4 
71.6 

54.3 
63.3 

11.1 

58.8 
68.5 
84.0 

63.4 
73.8 
90.6 

68.2 
79.3 
97.5 

73.2 

85.0 

104.0 

78.3 

90.9 

112.0 

83.6 

96.9 

119.0 

89.1 
103.0 
127.0 

94.7 
110.0 
135.0 

100 
116 
143 

106 
123 
151 


119 

137 
169 


43.0 
50.4 
61.7 

47  4 
55.4 
67.9 

51.9 
60.6 
74.3 

56.6 
66.0 
81.0 

61.5 
71.6 
87.9 

66.5 
77.4 
95.1 

71.8 

83.4 

103.0 

77.3 

89.7 

110.0 

82.9 

96.1 

118.0 

88.7 
103.0 
126.0 

94.7 
110.0 
135.0 

101 
117 
144 

107 
124 
153 

114 
131 
162 

121 
139 

171 


113  127 

130  147 

160  181 


135 
155 

191 


48.0 
56.2 
68.8 

52.9 
61.7 
75.7 

57.9 
67.5 
82.8 

63.1 
73.5 
90.3 

68.6 
79,8 
98.0 

74.3 

86.3 

106.0 

80.1 

93.0 

114.0 

86.2 

99.9 

123.0 

92.5 
107.0 
132.0 

99 

114 
141 

106 
122 
150 

113 
130 
160 

120 
138 
170 

127 
146 
180 

135 
155 
191 

142 
163 
202 

150 
172 
213 


53.0 
61.9 
75.9 

58.3 
68.0 
83.4 

63.9 
74.4 
91.3 

69.7 
81.0 
99.5 

75.7 

87.9 

108.0 

81.9 

95.0 

117.0 

88.4 
102.0 
126.0 

95.1 
110.0 
136.0 

102 
118 
145 

109 
126 
155 

117 
134 
166 

124 
143 

177 

132 
152 

188 

140 
161 
199 

148 
170 
211 


166 
190 
235 


63.7 
74.2 
91.1 

69.8 
81.1 
99.7 

76.1 

88.4 

109.0 

82.7 

95.9 

118.0 

89.6 
104.0 
128.0 

96.6 
112.0 
138.0 

104 
120 
148 

112 
129 
159 

119 
138 
170 

127 
147 
181 

136 
156 
193 

144 

166 
205 

153 
176 
217 

162 
186 
230 


157  172 

180  196 

223  243 


181 
207 
256 


82.6 

95.7 

118.0 

89.7 
104.0 
128.0 

97.1 
112.0 
138.0 

105 
121 
149 

113 
130 
160 

121 
139 
172 

129 
149 

184 

138 
159 
196 

147 
169 
209 

157 
180 
222 

166 
190 
235 

176 
201 
249 

186 
213 
263 

196 
224 

278 


130 


105 
121 
149 

113 
130 
161 

121 
140 
173 

130 
150 
185 

139 
160 

198 

149 
171 
211 

159 
182 
225 

169 
193 
239 

179 
205 
253 

190 
217 
268 

200 
229 

284 

212 
241 
299 


'Tree  volume  from  a  1-foot  stump  to  the  tree  tip. 

'The  three  vertical  figures  for  each  dbh  give  volumes  of  bole  wood  first,  bole  wood  plus  bark  second,  and  total  tree  (bole  wood  plus  bark  plus 
limbs  excluding  leaves)  last. 
'Boldface  numbers  span  the  range  of  the  data. 


Table  3.- 

—Green  weight  in  pounds  for  green  ash  bole  wood,  bole  wood  plus  bark,  and  total  tree' 

Total  height  in  feet 

Dbh 

10             20             30             40              50               60               70               80               90 

100 

110 

120 

130 

inches  pounds - 

1  1.6      3.0     4.3     5.6 

2.2'      4.1     5.8     7.5 
2.6      4.7     6.8     8.8 

2  5.6  10.5  15  20 
7.5  13.8  20  26 
8.8     16.0    23     30 

3  22     31     41 

28     40     52 
33     48     62  . 

4  37  53  69 
47  67  87 
56      80     103 

5  79     103 

100     129 
119     153 

6  110     143 

138     178 
164     212 

7  189 

233 
278 

8  241 

296 
353 

9  298 

364 
435 

10 


11 


12 


13 


14 


15 


16 


17 


18 


24 

31 

37 

50 

64 

75 

84 

99 

106 

124 

126 

148 

126 

148 

171 

157 

184 

211 

187 

219 

252 

175 

206 

237 

217 

254 

292 

258 

303 

348 

231 

273 

314 

354 

284 

334 

383 

431 

339 

399 

457 

515 

295 

347 

399 

451 

360 

423 

485 

545 

430 

506 

580 

653 

365 

430 

494 

558 

443 

521 

597 

672 

530 

623 

715 

805 

441 

520 

598 

675 

751 

534 

627 

719 

809 

898 

639 

752 

862 

971 

1078 

524 

618 

711 

802 

892 

632 

743 

851 

958 

1063 

757 

890 

1021 

1150 

1276 

614 

724 

832 

939 

1044 

1149 

737 

866 

992 

1117 

1239 

1360 

884 

1039 

1192 

1342 

1490 

1636 

709 

836 

962 

1085 

1207 

1328 

849 

998 

1143 

1286 

1427 

1567 

1019 

1198 

1374 

1547 

1717 

1886 

956 

1100 

1241 

1380 

1518 

1137 

1303 

1466 

1627 

1786 

1367 

1567 

1764 

1959 

2151 

1084 

1246 

1406 

1564 

1720 

1285 

1472 

1657 

1838 

2018 

1545 

1771 

1994 

2214 

2432 

1218 

1400 

1580 

1758 

1933 

1440 

1650 

1857 

2060 

2261 

1732 

1987 

2237 

2483 

2727 

1359 

1562 

1763 

1961 

2158 

1603 

1837 

2067 

2293 

2517 

1929 

2212 

2491 

2766 

3037 

1507 

1733 

1955 

2175 

2393 

1773 

2032 

2286 

2537 

2785 

2136 

2449 

2757 

3061 

3362 

Table  3.— Green  weight  in  pounds  for  green  ash  bole  wood,  bole  wood  plus  bark,  and  total  tree— (Continued) 

Total  height  in  feet 

Dbh 10  20  30  40  50 60  70  80  90  100  HO  120  130~ 

inches  • 

19 


20 


21 


22 


23 


24 


25 


26 


27 


1662 

fjuuriu 

1911 

O 

2156 

2399 

2638 

1951 

2236 

2516 

2792 

3064 

2351 

2696 

3035 

3370 

3700 

1824 

2097 

2366 

2632 

2895 

3156 

2136 

2448 

2754 

3057 

3355 

3650 

2575 

2953 

3325 

3691 

4053 

4411 

1992 

2290 

2584 

2875 

3162 

3447 

2328 

2668 

3002 

3332 

3657 

3978 

2808 

3220 

3626 

4025 

4420 

4811 

2167 

2491 

2811 

3127 

3440 

3750 

4057 

2528 

2897 

3260 

3617 

3970 

4319 

4664 

3050 

3498 

3938 

4372 

4801 

5225 

5645 

2348 

2700 

3047 

3389 

3728 

4064 

4397 

2735 

3134 

3526 

3913 

4295 

4672 

5046 

3301 

3785 

4261 

4731 

5196 

5654 

6109 

2536 

2916 

3290 

3660 

4027 

4389 

4749 

5105 

2948 

3378 

3802 

4219 

4630 

5037 

5440 

5838 

3560 

4082 

4596 

5103 

5604 

6098 

6588 

7074 

2731 

3140 

3543 

3941 

4335 

4726 

5113 

5497 

3169 

3631 

4086 

4534 

4977 

5414 

5847 

6275 

3828 

4389 

4942 

5487 

6025 

6557 

7084 

7606 

2932 

3370 

3803 

4231 

4654 

5073 

5489 

5901 

3396 

3892 

4379 

4860 

5334 

5803 

6266 

6726 

4104 

4706 

5298 

5883 

6460 

7030 

7595 

8155 

3139 

3609 

4072 

4530 

4983 

5432 

5877 

6318 

3631 

4160 

4681 

5195 

5702 

6203 

6699 

7190 

4388 

5032 

5666 

6290 

6908 

7518 

8122 

8720 

3854 

4349 

4838 

5322 

5801 

6276 

6748 

4437 

4992 

5540 

6080 

6615 

7143 

7667 

5368 

6044 

6710 

7368 

8019 

8664 

9302 

4107 

4634 

5155 

5671 

6181 

6688 

7190 

4720 

5312 

5894 

6469 

7038 

7600 

8157 

5713 

6432 

7142 

7842 

8535 

9221 

9900 

4367 

4927 

5481 

6030 

6573 

7111 

7645 

5012 

5640 

6258 

6869 

7472 

8070 

8661 

6068 

6832 

7585 

8329 

9065 

9793 

10515 

4634 

5228 

5816 

6398 

6974 

7545 

8112 

5311 

5976 

6632 

7279 

7918 

8551 

9178 

6432 

7241 

8040 

8829 

9609 

10381 

11145 

4907 

5538 

6160 

6776 

7387 

7992 

8592 

5617 

6321 

7014 

7699 

8375 

9045 

9708 

6805 

7662 

8506 

9341 

10166 

10983 

11792 

5188 

5855 

6513 

7164 

7810 

8449 

9084 

5931 

6674 

7406 

8129 

8843 

9550 

10250 

7187 

8092 

8984 

9866 

10737 

11600 

12454 

5476 

6180 

6875 

7562 

8243 

8918 

9588 

6253 

7036 

7808 

8569 

9323 

10068 

10806 

7578 

8533 

9474 

10403 

11322 

12231 

13133 

5771 

6512 

7245 

7969 

8687 

9398 

10104 

6581 

7406 

8218 

9020 

9813 

10597 

11374 

7979 

8984 

9974 

10953 

11920 

12878 

13827 

'Tree  weight  from  a  1-foot  stump  to  the  tree  tip. 

•The  three  vertical  figures  for  each  dbh  give  weights  of  bole  wood  first,  bole  wood  plus  bark  second,  and  total  tree  (bole  wood  plus  bark  plus 
limbs  excluding  leaves)  last. 
'Boldface  numbers  span  the  range  of  the  data. 


Table  4. 

—Dry  weight  in  pounds  for  green  ash  bole  wood,  bole  wood  plus  bark,  and  total  tree' 

Total  height  in  feet 

Dbh 

10             20             30             40              50               60               70               80 

90 

100 

110 

120 

130 

inches  — — — — pounds 

1  1.0'  1.8  2.7  3.5 
1.2'  2.3  3.3  4.2 
1.4      2.6     3.8     5.0 

2  3.5  6.6  9.5  12.4  15 
4.2  7.9  11.5  14.9  18 
4.9      9.3    13.4     17.0      21 

3  14  20  26  32 
17  24  31  38 
19      28     37       45 

4  23  34  44  54  64 
28  40  52  64  76 
33     47      62       76  89 

5  51      66       81  96  110 

60             78                  96  113  130 

71             93                113  134  154 

6  71             92                113  134  154 

84    109       134  158  182 

99     129       158  187  215 

7  122       150  177  204     231 

145       177  209  240     271 

171       209  247  284     321 

8  156       192  226  261     294 

184       225  266  306      345 

218       267  315  363      410 

9  194       238  281  323      365 

228                 279  329  379             428 

270                331  391  449             508 

10  288  340  392      443     493 

338  399  459      518     576 

401  473  545      615     684 

11  343  405  466      527      587 

402  474  545      616      685 
477  563  648      731      814 

12  402  475  547     618     688     758 

471  555  639     721     802     883 

559  659  759      857      954     1050 

13  465  550  633      715     796     877 

544  642  739      834     928     1021 

646  763  878     991     1104     1215 


14 


15 


16 


17 


18 


630  725  819  912  1004 

735  845  954  1061  1168 

873  1005  1135  1263  1390 

714  822  929  1035  1139 

833  958  1081  1203  1323 

990  1139  1286  1432  1576 

804  925  1045  1164  1282 

936  1077  1215  1352  1488 

1113  1281  1447  1610  1773 

898  1034  1168  1301  1432 

1045  1202  1357  1510  1661 

1243  1431  1616  1798  1979 

997  1147  1296  1444  1590 

1159  1333  1505  1674  1842 

1380  1587  1793  1996  2196 
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Table4.— /Jry  weight  in  pounds  for  green  ash  bole  wood,  bole  wood  plus  bark,  and  total  tree~(Continued) 


Total  height  in  feet 


Dbh 


10 


20 


30 


40 


50 


60 


inches 
19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


70 


80 


90 


100 


110 


120 


130 


nnii  /ific 

1100 

1267 

1431 

1594 

1755 

1279 

1470 

1660 

1847 

2032 

1522 

1752 

1978 

2702 

2424 

1208 

1391 

1572 

1751 

1928 

2103 

1403 

1614 

1822 

2027 

2231 

2432 

1671 

1923 

2172 

2417 

2661 

2902 

1321 

1521 

1719 

1914 

2107 

2299 

1533 

1763 

1990 

2215 

2437 

2657 

1827 

2102 

2373 

2642 

2908 

3171 

1438 

1656 

1871 

2084 

2295 

2503 

2711 

1668 

1919 

2166 

2410 

2652 

2891 

3129 

1988 

2288 

2583 

2875 

3165 

3452 

3736 

1560 

1796 

2030 

2260 

2489 

2715 

2940 

1808 

2080 

2348 

2613 

2875 

3134 

3392 

2156 

2480 

2801 

3118 

3432 

3743 

4051 

1686 

1942 

2194 

2443 

2690 

2935 

3178 

3419 

1954 

2247 

2536 

2822 

3106 

3386 

3664 

3940 

2329 

2680 

3027 

3369 

3708 

4044 

4378 

4708 

1817 

2092 

2364 

2632 

2899 

3163 

3424 

3684 

2104 

2420 

2731 

3039 

3344 

3646 

3946 

4243 

2509 

2887 

3260 

3629 

3994 

4356 

4715 

5072 

1952 

2248 

2539 

2828 

3114 

3398 

3679 

3958 

2259 

2598 

2933 

3264 

3591 

3915 

4237 

4556 

2695 

3101 

3501 

3898 

4290 

4679 

5064 

5447 

2092 

2408 

2721 

3030 

3337 

3640 

3942 

4241 

2419 

2782 

3141 

3495 

3846 

4193 

4537 

4879 

2886 

3321 

3750 

4175 

4595 

5011 

5424 

5834 

2574 

2908 

3239 

3566 

3891 

4213 

4533 

2972 

3355 

3733 

4108 

4479 

4847 

5212 

3548 

4007 

4460 

4909 

5354 

5796 

6234 

2744 

3101 

3453 

3802 

4148 

4492 

4833 

3168 

3576 

3979 

4378 

4774 

5166 

5555 

3782 

4271 

4755 

5233 

5708 

6178 

6645 

2920 

3299 

3674 

4045 

4414 

4779 

5142 

3369 

3802 

4231 

4656 

5076 

5493 

5907 

4023 

4543 

5057 

5566 

6071 

6571 

7068 

3100 

3503 

3901 

4295 

4686 

5074 

5460 

3575 

4036 

4491 

4941 

5388 

5830 

6269 

4271 

4823 

5368 

5909 

6444 

6975 

7503 

3286 

3712 

4134 

4552 

4966 

5378 

5786 

3787 

4275 

4757 

5234 

5707 

6176 

6641 

4525 

5110 

5688 

6260 

6828 

7391 

7949 

3476 

3927 

4373 

4816 

5254 

5689 

6121 

4005 

4520 

5030 

5535 

6035 

6531 

7023 

4786 

5404 

6016 

6621 

7221 

7816 

8407 

3671 

4147 

4619 

5086 

5549 

6008 

6464 

4228 

4772 

5310 

5843 

6371 

6894 

7414 

5053 

5706 

6352 

6991 

7624 

8253 

8877 

3870 

4373 

4870 

5362 

5851 

6335 

6816 

4456 

5030 

5597 

6159 

6715 

7267 

7814 

5327 

6015 

6696 

7370 

8038 

8700 

9358 

'Tree  weight  from  a  1-foot  stump  to  the  tree  tip. 

The  three  vertical  figures  for  each  dbh  give  weights  of  bole  wood  first,  bole  wood  plus  bark  second,  and  total  tree  (bole  wood  plus  bark  plus 
hmbs  excluding  leaves)  last. 
'Boldface  numbers  span  the  range  of  the  data. 
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Table  b.— Regression  statistics  for  predicting  green  ash  bole  volumes  and  weights  using  two  bole 
diameter  measurements  and  total  height' 


Component 

Average 
Y 

b„ 

Fit 
b,                  index' 

Se' 

C.V. 
percent' 

Volume  (cubic  feet) 

Bole  wood 
Bole  bark 
Total  bole 

14.4 

2.5 

16.9 

-5.868 
-6.804 
-5.556 

0.97894              0.997 
0.89660              0.975 
0.96315              0.996 

Green  weight  (pounds) 

1.57* 
0.63* 
1.86* 

10.9 
25.8 
11.0 

Bole  wood 
Bole  bark 
Total  bole 

717 
127 
844 

-1.671 
-2.394 
-1.301 

0.94999              0.978 
0.84651              0.982 
0.92811              0.981 

Dry  weight  (pounds) 

193* 

28* 

208* 

26.9 
21.7 
24.6 

Bole  wood 
Bole  bark 
Total  bole 

469 

77 

546 

-2.183 
-  3.605 
-1.967 

0.96029              0.960 
0.92033              0.971 
0.95330              0.967 

171* 

22* 

180* 

36.6 
29.0 
33.0 

'Volumes  and  weights  of  trees  from  a   1-foot  stump  to  the  tree  tip,  using  Ln(Y)  =  b(,  +  b, 
Ln(D  •  D. ,  H);  D  =  dbh,  H  =  total  tree  height,  D  ,  =  bole  diameter  outside  bark  at  '/sH. 
'Fit  index  =  1.0  -  [E(Y  -  Y)'  /  IKY  -  Y)'],  using  untransformed  values. 
'Se=  [E(Y-Y)'/(n -2))  '.using  untransformed  values. 
'Coefficient  of  variation  =  100  S^  /  Y. 
♦Significantly  more  precise  by  the  F  test  than  D^H  model;  «  =  0.05. 


Table  6.— Regression  statistics  for  predicting  green  ash  bole  volumes  and  weights  using  three  bole 
diameter  measurements  and  total  height' 


Component 

Average 
Y 

b„ 

Fit 
b,                  index' 

S.' 

C.V. 
percent' 

Volume  (cubic  feet) 

Bole  wood 
Bole  bark 
Total  bole 

14.4 

2.5 

16.9 

-6.609 
-7.490 
-6.286 

1.00941              0.999 
0.92503              0.981 
0.99323              0.999 

Green  weight  (pounds) 

0.90- 
0.56* 
0.97- 

6.2 

22.8 

5.7 

Bole  wood 
Bole  bark 
Total  bole 

717 
127 
844 

-2.392 
-3.042 
-  2.007 

0.97969              0.987 
0.87346              0.988 
0.95724              0.989 

Dry  weight  (pounds) 

151- 

23* 

159- 

21.0 
17.9 
18.« 

Bole  wood 
Bole  bark 
Total  bole 

469 

77 

546 

-2.914 
-4.312 
-  2.693 

0.99049              0.973 
0.94977              0.976 
0.98336              0.979 

141* 

20* 

144* 

30.1 
26.0 
26.4 

Volumes  and  weights  of  trees  from  a  1-foot  stump  to  the 
Ln[(DD,,+  D'..)H];  D  =  dbh,  H  =  total  tree  height,  D,,  and  D..= 
VzH  £md  '/iH.  respectively.  _ 

'Fit  index  =  1.0  -  [i:(Y  -  Y)'  /  E(Y  -  Y)'],  using  untransformed  values. 

'Se=  [E(Y- Y)'  /(n-2)]  ',  using  untransformed  values. 

'Coefficient  of  variation  =  100  Sc  /  Y. 

-Significantly  more  precise  by  the  F  test  than  DD.,H  model;  o  =0.05. 

*Significantly  more  precise  by  the  F  test  than  D'H  model;  a  =  0.05. 


tree  tip,  using  Ln(Y)  =  bo  +  b, 
bole  diameters  outside  bark  at 
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Table  1  .—Local  volume  and  weight  equations  for  green  ash ' 


Average 

Fit 

C.V. 

Component 

Y 

b„ 

b, 

index- 

S.' 

percent' 

Volume  (cubic  feet) 

Bole  wood 

14.4 

3.060 

1.17920 

0.940 

6.48* 

45.0 

Bole  bark 

2.5 

-4.222 

1.07848 

0.885 

1.36* 

55.6 

Total  bole 

16.9 

-2.791 

1.15993 

0.938 

7.57* 

44.9 

Total  tree, 

22.7 

-2.644 

1.17048 

0.928 

11.14 

49.2 

excluding 

leaves 

Green  weight  (pounds) 

Bole  wood 

717 

1.062 

1.14335 

0.904 

405* 

56.5 

Bole  bark 

127 

0.036 

1.01914 

0.923 

57* 

44.9 

Total  bole 

844 

1.367 

1.11714 

0.915 

441* 

52.2 

Total  tree, 

1138 

1.518 

1.12431 

0.900 

660 

58.0 

excluding 

leaves 

Dry  weight  (pounds) 

Bole  wood 

469 

0.589 

1.15466 

0.861 

321 

68.5 

Bole  bark 

77 

-0.953 

1.10694 

0.901 

41* 

53.3 

Total  bole 

546 

0.784 

1.146.30 

0.873 

352* 

64.6 

Total  tree, 

733 

0.935 

1.15150 

0.871 

489 

66.8 

excluding 

leaves 

'Volumes  and  weights  of  trees  from  a  1-foot  stump  to  the  tree  tip,  using  Ln(Y)  = 
D  =  dbh. 

'Fit  index  =  1.0  -  [!](¥  -  ¥)■  /  E(Y  -  Y)'],  using  untransformed  values. 
'Sc  =  [D(Y  -  Y)'  /  (n  -  2)]  ■,  using  un_transformed  values. 
'Coefficient  of  variation  =100  §,  /  Y. 
*Significantly  less  precise  by  the  F  test  than  D'H  model;  o>  =  0.05. 


b„  +  b,  Ln(D' 


Table  8. — Statistics  for  estimating  confidence  bounds  for  green  ash  predictions  for  the  bole  and 
total  tree 


Corrected  sum 

S.  , 

Independent 

Mean  of 

of  squares 

Standard  error  of  estimate 

variable 

X 

n 

X 

forX- 

for  tree  components 

Bole  predictions 

Volume 

Wood 
0.2213 

Bark 

0.3014 

Total 

Ln(D') 

70 

3.155 

312.623 

0.2227 

Green  weight 

0.2610 

0.3127 

0.2509 

Dry  weight 

0.2977 

0.3569 

0.2892 

Ln(D'H) 

70 

6.930 

501.821 

Volume 
Green  weight 
Dry  weight 

0.1502 
0.1949 
0.2257 

0.2603 
0.2942 
0.3279 

0.1553 
0.1941 
0.2209 

Ln(DD,, 

■H) 

70 

6.647 

456.642 

Volume 
Green  weight 
Dry  weight 

0.0789 
0.1329 
0.1594 

0.1994 
0.2464 
0.2696 

0.0743 
0.1267 
0.1477 

Ln[(DD. 

.+  D^ 

.)H]     70 

7.179 

429.668 

Volume 
Green  weight 
Dry  weight 

0.0593 
0.1162 
0.1378 

0.1773 
0.2283 
0.2466 

0.0405 
0.1033 
0.1202 

Fotal  tree  predictions 

Volume 

Total  tree 
0.2374 

Ln(D') 

65 

3.001 

290.532 

Green  weight 

0.2596 

Dry  weight 

0.2963 

Ln(D^H) 

65 

6.738 

467.493 

Volume 
Green  weight 
Dry  weight 

0.1841 
0.2088 
0.2335 

'E(X  -  X)-  in  base  e  logarithmic  units. 


13 


APPENDIX 


Examples  Using  the  Equations 


In  this  section  examples  are  presented  to  illustrate 
use  of  the  equations.  The  following  tabulation  gives 
data  used  to  illustrate  equation  use: 
D=  21.7  in. 
H=  75.0  ft. 
D,,=  15.5  in. 
D,.=  14.8  in. 
D.  =  11.5  in. 
Bole  wood  volume  (V)  is  calculated  using  X  =  D'H 
and  the  parameter  estimates  from  table  1  as  follows: 
Ln(V)=  bo  +  b,Ln(D^H) 

=  -5.817  +  0.93265  Ln(21. 7x21. 7x 

75.0) 
=  -5.817 +  0.93265  Ln  (35316.75) 
=  -5.817  +  0.93265(10.472) 
=  -5.817  +  9.767 
Ln(V)=  3.950 

V  =  e'^'";  bole  wood  volume  -  51.9  ft'. 
To  calculate  total  green  bole  weight  (W)  using 
X  =  D  •  D, ,  •  H  and  the  parameter  estimates  from  table 
5: 

Ln(W)=  bo  +  b,Ln(DD,,H) 

=  -1.301+0.92811  Ln(21. 7  xl4.8x 

75.0) 
=  -1.301+ 0.92811  Ln  (24087.00) 
=  -1.301+0.92811(10.089) 
=  -1.301+9.364 
Ln(W)=  8.063 

W  =  e** "";  total  bole  green  weight  =  3175  lb. 
To   calculate   bole   dry   weight   (W)   using  X    = 
[(DD,,+  D^^  )H]  and  the  parameter  estimates  from 
table  6: 

Ln(W)=  b„  +  b,Ln[(DD,,+  D-',JH] 

=  -2.693  +  0.98336  Ln  [(21.7x11.5  + 

15.5  X  15.5)  X  75.0] 
=  -  2.693  +  0.98336  Ln  [(249.55  +  240.25) 
X75.0] 


=  -2.693  + 0.98336  Ln  [489.80x75.0] 
=  -2.693  + 0.98336  Ln  [36735.00] 
=  -2.693  +  0.98336(10.511) 
=  -2.693  +  10.336 
Ln(W)-  7.643 

W  =  e^^5;  total  bole  dry  weight  =  2086  lb. 

Merchantable  bole  estimates  to,  say,  an  8-inch  top 
are  calculated  using  equation  3  to  estimate  the  mer- 
chantable portion  of  the  bole  and  then  multiplying 
that  proportion  (R8)  by  the  predicted  bole  estimate  of 
interest.  Letting  DI  =  8.0,  X=  [(21.7 -8.0)/21.7],  or 
X  =  0.631,  and  from  (3): 

R8  =  [1.0  +  EXP  (0.77188  +  1 1.26543  (0.631)  - 
73.62613  (0.631)^  +  111.38621  (0.631)'  - 
59.39594(0.631)^)]    ' 
=  [1.0  +  EXP (0.77188+ 11. 26543  (0.631)- 
73.62613  (0.39816) +  111.38621  (0.25124) - 
59.39594(0.15853))]-' 
=  [1.0  +  EXP  (0.77188  +  7.10849  -  29.31498 

+  27.98467-9.41604)]    ' 
=  [1.0  +  EXP  (- 2.86598)]    ' 
=  [1.0  +  0.05693]-' 
=  [1.05693]    ' 
R8=  0.946. 

Then  bole  wood  volume  to  an  8-inch  top  (V8)  can  be 
CEdculated: 

V8  =  (R8)(predicted  total  bole  wood  volume) 
=  (0.946)(51.9) 
=  49.1  ft'. 
Of  course,  total  bole  volumes  or  weights  can  be  cal- 
culated using  any  one  of  the  three  sets  of  parameter 
estimates  given  in  tables  1,  5,  or  6.  Then  any  of  these 
total  bole  cEilculations  can  be  used  with  the  estimate 
of  merchantable  proportion  to  calculate  merchantable 
bole  values.  The  choice  of  which  set  of  equations  to 
use  is  left  to  the  user,  who  must  balance  inventory 
precision  against  inventory  cost. 
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SUMMARY 

Volume  and  weight  tables  were  constructed  from  a  88-tree  sample  of  over- 
cup  oak  (Quercus  lyrata  Walt.)  taken  in  the  Mississippi  Delta.  The  tables  pre- 
sent cubic-foot  volume,  green  weight,  and  dry  weight  of  bole  wood,  bole  wood 
plus  bark,  and  total  tree  excluding  leaves  above  a  1-foot  stump  as  predicted 
from  the  allometric  model  Ln  Y  =  bo  +  biLn(D^H).  Merchantable  bole  volume 
and  weight  estimates  can  be  made  to  any  outside  bark  diameter  limit.  More 
precise  bole  estimates  can  be  obtained  from  equations  using  upper  bole  diame- 
ters taken  at  relative  heights  of  25,  33,  and  50  percent  of  total  tree  height. 


Overcup  Oak  Volume  and  Weight  Tables 

Bryce  E.  Schlaegel 


INTRODUCTION 

Overcup  oak  (Quercus  lyrata  Walt.)  grows  on  bot- 
tomlands of  the  Coastal  Plain  of  the  southern  United 
States  from  Delaware  and  Maryland  south  to  Geor- 
gia and  northwestern  Florida.  Then  into  eastern 
Texas  and  northward  along  the  Mississippi  Valley  to 
southern  Illinois  and  Indiana  (Little  1979)  (fig.  1).  It 
is  most  commonly  found  on  the  lower,  poorly  drained 
parts  of  first  bottoms  and  terraces.  On  good  sites  it 
can  develop  a  large,  clear  bole,  reach  a  height  of  100 
feet,  and  have  a  dbh  in  excess  of  34  inches.  Commonly 
the  trees  are  slow  growing,  reaching  heights  of  60  to 
80  feet  with  dbh  ranging  from  22  to  26  inches. 

In  recent  years  there  has  been  considerable 
demand  for  volume  and  weight  tables  for  bottomland 
hardwood  species.  This  paper  is  the  third  in  a  series  of 
six  giving  both  volume  and  weight  tables  for  some  of 
the  major  bottomland  hardwood  species.  The  other 
five  species  in  the  series  are  willow  oak  (Q.  phellos  L.) 
(Schlaegel  1981),  Nuttall  oak  (Q.  nuttallii  Palmer) 
(Schlaegel  and  Willson  1983),  sugarberry  (Celtis  laevi- 
gata Willd.)  (Schlaegel  1984a),  sweetgum  (Liquidam- 
bar  styraciflua  L.)  (Schlaegel  1984b),  and  green  ash 
(Fraxinus pennsylvanica  Marsh.)  (Schlaegel  1984c). 


METHODS 

The  data  were  collected  from  12  natural  bottom- 
land hardwood  stands  in  west-central  Mississippi. 
Stands  were  either  even-  or  uneven-aged  with  a  mixed 
species  composition.  Each  stand  was  measured  for 
species  composition  and  diameter  distribution;  88 
trees,  ranging  in  dbh  from  1  through  34  inches,  were 
chosen  for  destructive  sampling.  The  sample  con- 
sisted of  growing  stock  trees  from  both  the  overstory 
and  understory  with  healthy  crowns  and  no  visible 
signs  of  disease  or  decay.  When  available,  three  trees 
were  selected  from  each  1-inch  diameter  class.  Cut- 
ting was  done  throughout  the  year. 


Stump  height  and  total  height  were  measured  on 
each  felled  sample  tree.  Disks  about  1-inch  thick  were 
cut  from  the  bole  at  regular  intervals  from  the  stump 
to  the  top  of  the  tree.  These  were  then  sealed  in  sepa- 
rate polyethylene  bags  for  laboratory  determination 
of  moisture  content  and  specific  gravity.  The  first 
disk  was  at  stump  height  and  the  remainder  at  5-foot 
intervals  measured  from  ground  level  for  trees  5 
inches  dbh  and  larger  and  at  3-foot  intervals  for  trees 
smaller  than  5  inches  dbh.  All  limbs,  including  leaves, 
were  weighed  on  84  of  the  trees. 

In  the  laboratory,  both  wood  and  bark  moisture 
content  and  specific  gravity  were  determined  as  fol- 
lows: 

1.  Wood  and  bark  were  separated  with  a  hammer 
and  chisel. 

2.  Each  component  was  weighed  green. 

3.  Both  wood  and  bark  were  soaked  in  water  for  at 
least  an  hour  to  ensure  complete  swelling. 

4.  Volumes  were  obtained  by  immersion  (Hein- 
richs  and  Lassen  1970). 

5.  Wood  and  bark  were  dried  in  a  forced-air  oven 
at  105 °C  for  at  least  48  hours. 

6.  Wood  or  bark  moisture  content  = 

green  weight  -  ovendry  weight 
ovendry  weight 

7.  Specific  gravity  = 

ovendry  wood  or  bark  weight  (g) 
green  wood  or  bark  volume  (cm') 
Average  tree  moisture  content  and  specific  gravity 
were  calculated  from  weighted  averages  of  the  disk 
moisture  contents  and  specific  gravities;  each  disk 
specific  gravity  or  moisture  content  was  weighted  by 
its  squared  average  diameter. 

Taper  functions  (Schlaegel  1981,  Schlaegel  and 
WiUson  1983)  of  the  form 

Y  =b,(X'-l)  +  b2(X^-l)  +  ...  +  bp(X''-l) 
where 

Y  =d/D, 

d  =  diameter  at  height  h  on  the  bole, 
D=dbh, 
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Figure  l.—The  range  ofovercup  oak  (Powells  1965).  (F-506651) 


X-h/H, 

h  =  height  from  ground  to  a  specific  measure- 
ment point, 

H  =  total  height, 

b,  ~  coefficients  estimated  for  each  tree  by  lineeir 
regression;  i=  1,  2, . . .  p;  4<p<7, 
were  calculated  for  each  tree,  both  inside  and  outside 
bark.  Cubic-foot  volumes  were  obtained  for  each  tree 
by  integrating  the  taper  function  to  heights  of  spe- 
cific top  dieuneters  to  obtain  both  total  and  merchant- 
able bole  volumes.  Bole  green  and  dry  weights  were 
calculated  from  estimated  tree  volume  and  weighted 
average  tree  density  and  moisture  content. 

AUometric  regression  equations  were  used  to  esti- 
mate volume,  green  weight,  and  dry  weight  of  bole 
wood,  bole  wood  plus  bark,  and  bole  wood  plus  bark 
plus  limbs. 

RESULTS 

Characteristics  of  the  trees  used  in  this  study  are: 

Average  Remge 

Age  (years)  87  7  -  225 

Bhh(in)  14.0  0.8-34.0 

Total  height  r/ty  64  9-100 


Wood  moisture  content 

(percent) 

87 

33- 

-124 

Bark  moisture  content 

(percent) 

102 

62- 

-296 

Wood  specific  gravity 

0.564 

0.473- 

-0.721 

Bark  specific  gravity 

0.388 

0.266- 

-0.558 

Wood  +  bairk  green 

density  (Ib/fV) 

62.68 

53.79- 

-73.93 

Wood  +  bark  dry 

density  (Ib/fV) 

33.29 

26.42- 

-38.28 

Wood  +  bark  moisture 

content  (percent) 

89 

41- 

-140 

Wood  +  bark  specific 

gravity 

0.533 

0.423- 

-0.613 

Individual  tree  volumes  and  weights  were  fitted  to 
the  allometric  model: 

Ln(Y)  =  bo  +  b,Ln(D^H)  (1) 

where 

Y  =  the  volume  or  weight  variable  of  interest, 

Ln  is  a  natural  logarithm; 

bo  and  b,  are  coefficients  estimated  from  the 

data. 
Estimates  of  the  coefficients  bo  and  b,  are  pre- 
sented in  table  1  for  predicting  cubic  foot  volume  and 
green  and  dry  weight  of  bole  wood,  bole  bark,  total 
bole,  and  total  tree  excluding  leaves.  Additional  sta- 


tistics  presented  are  the  component  average,  fit 
index,  regression  standard  error  of  estimate  (SJ  based 
on  residuals  after  converting  to  actual  units,  and  coef- 
ficient of  variation  (C.V.)  of  predictions  in  arithmetic 
units.  Fit  index,  which  is  similar  to  R^  is  used  to 
judge  equation  efficiency  when  the  dependent  varia- 
ble has  been  transformed  (Farrar  1978)  and  is  calcu- 
lated in  untransformed  units  from  the  total  and  resi- 
dual sums  of  squares.'  The  fit  index  and  R^  Eire  equal 
when  a  simple  hnear  regression  analysis  is  performed 
on  an  untransformed  dependent  variable. 

Fit  indices  range  from  0.945  for  dry  total  tree 
weight  to  0.988  for  green  bole  wood  weight.  A  fit 
index  of  1.0  indicates  that  predictions  can  be  made 
without  error  with  the  data  used  to  fit  the  model;  a 
value  close  to  1  is  desirable.  Coefficients  of  variation, 
which  are  indices  of  relative  precision  of  prediction, 
range  from  27.8  percent  for  dry  total  tree  weight  to 
12.9  percent  for  green  bole  wood  weight. 

Using  measures  of  individual  tree  dbh  emd  total 
height,  estimates  can  be  made  using  table  1  for  tree 
volume  (given  in  table  2),  green  weight  (given  in  table 
3),  and  dry  weight  (given  in  table  4)  for  bole  wood, 
bole  wood  plus  bark,  and  for  bole  wood  plus  bark  plus 
limbs  excluding  leaves. 

The  equations  were  developed  using  trees  from  a 
limited  geographic  range  compared  to  the  total  range. 
Therefore,  predictions  may  be  less  precise  when  the 
equations  are  appUed  in  other  parts  of  the  range. 
Using  an  upper  bole  diameter  measurement  in  addi- 
tion to  dbh  as  described  later  should  alleviate  this 
problem. 


MERCHANTABLE  BOLE  ESTIMATES 

The  merchantable  bole  is  defined  as  the  tree  bole 
from  a  1-foot  stump  to  a  specified  top  diameter,  ignor- 
ing limbs.  Merchantable  bole  volume  or  weight  can  be 
expressed  as  a  proportion  of  the  total  bole  by  a  gener- 
alized form  of  the  logistic  model 


R,  =(1.0  +e"^') 


H\)\-  1 


(2) 


where 
R 


ratio    of    merchantable    bole    volume    or 
weight   to   total   bole   volume   or  weight, 
where  I  =  top  outside  bark  diameter  of  mer- 
chantable bole, 
X=(D-d,)/D, 

D  =  tree  dbh  outside  bark,  and 
d|  =  outside  bark  top  diameter. 
For  a  specific  top  diameter,  the  ratio  of  merchanta- 
ble bole  to  total  bole  is  the  same  for  volume,  green 
weight,   dry   weight,   and  inside   and  outside  bark 
(Schlaegel  and  Willson  1983). 


Model  2  was  fitted  to  the  overcup  oak  data  for 
trees  >4.6  inches  dbh,  with  f(X)  =  bo+  b,X+  b2X^  + 
bjX'  +  bjX".  Inverting  (2)  and  taking  the  natural  log- 
arithm results  in 


Ln 


(4!^) 


=  bo+  b,X+  b,X^+  b,X'+  b4X^ 


'FI  =  {1-[E(Y,-  Y,P]/[i:(Y,-  YP]} 


this  was  solved  using  multiple  linear  regression  tech- 
niques giving: 

R,  =  [1.0  +  EXP  (0.64378  +  16.57000  X 
-  102.69489  X^  +  158.52166  X' 
-82.99971  X^)]-'  (3) 

with  fit  index  =  0.953  and  Se  =  0.042;  EXP  is  the  base 
of  the  natural  logarithm  and  equals  2.71828. 

Volume  or  weight  to  any  top  diameter  (V,)  is  found 
by  multiplying  the  ratio  estimate  obtained  from  (3) 
by  a  total  bole  volume  or  weight  estimate  from  either 
table  2,  3,  or  4: 

V,=  R,-Vt, 
where  Yj  is  the  total  bole  volume  or  weight  of  inter- 
est. 

IMPROVED  TOTAL  BOLE 
ESTIMATES 

The  precision  of  the  merchantable  bole  estimate 
depends  upon  accuracy  in  measuring  total  bole.  Total 
bole  estimates  can  be  significantly  improved  by  mea- 
suring one  or  two  additional  diameters.  Tables  5  and 
6  give  regression  statistics  for  total  bole  volume  and 
weight  under  two  different  model  forms: 

Ln(Y)  =  bo  +  b,Ln(DD,/H)  (4) 

and 

Ln(Y)  =  bo  +  b,  Ln[(DD,,+  D'.jH]  (5) 

where  D,  H,  and  Y  are  as  defined  previously,  and  D,,, 
D,„  and  D,.  are  diameters  measured  outside  the  bark 
at  one-third,  one-half,  and  one-fourth  the  total  height. 

Statistics  from  tables  5  and  6  show  the  significant 
(a  =  0.05)  improvement  over  the  previous  D'H  equa- 
tions of  table  1.  Measuring  one  additional  diameter  at 
one-third  the  tree  height  reduces  S^  for  bole  wood  vol- 
ume, total  bole  volume,  total  green  bole  weight,  and 
total  dry  bole  weight  by  34,  38,  25,  and  21  percent, 
respectively.  Other  standeird  errors  are  reduced  but 
not  significantly. 

Measuring  two  upper  bole  diameters  at  one-fourth 
and  one-half  total  height  will  result  in  further  signifi- 
cant increases  in  precision.  Improvements  over  the 
D-H  model  range  from  20  to  61  percent  for  bole  wood 
and  total  bole  and  from  7  to  18  percent  for  bark. 

Taking  additional  bole  measures  means  a  higher 
inventory  cost,  since  more  time  will  be  spent  at  each 
tree,  but  most  of  the  inventory  cost  is  in  traveling  to 
the  candidate  tree.  Data  presented  in  this  paper  allow 
total  and  merchantable  bole  estimates  to  be  made 
with  high  reliability.  Each  user  has  to  decide  when 
increased  precision  is  needed  and  whether  the  need 
offsets  the  higher  cost. 


LOCAL  VOLUME  TABLES 

There  are  many  occasions  when  the  only  tree  varia- 
ble available  is  dbh,  or  perhaps  only  a  rough  estimate 
of  tree  volume  or  weight  is  needed.  In  these  cases  a 
local  volume  table  will  suffice.  Table  7  gives  the  sta- 
tistics needed  for  estimating  by  the  local  volume 
table  technique.  However,  it  must  be  realized  that 
estimation  precision  may  be  considerably  lessened. 
The  local  volume  or  weight  model  is 

Ln(Y)  =  bo  +  b,  Ln(D^).  (6) 

CALCULATING  CONFIDENCE  LIMITS 

Confidence  limits  ((1  -  a)  percent  confidence  limits) 
of  individual  predictions  can  be  calculated  using  sta- 
tistics presented  in  table  8.  Clark  et  al.  (1980)  used  the 
technique  of  Land  (1972)  to  estimate  approximate 
confidence  limits  for  lognormal  means  of  scarlet  oak: 

•1  ,    (X-X)^ 
n    E(X-X)^ 


Y„,=EXp{L„,Y,.Z..[SV.[i.J|f|:] 


2(n  + 


where: 


Yu  L.  =  upper  and  lower  limits  for  Y, 
EXP  =  base  of  natural  logarithm;  EXP  =  e  = 
2.71828, 
Y  -  predicted  volume  or  weight  of  compo- 
nent, 
Z„/2=  value   for   the   upper   a/2   percentage 

point  from  the  standard  normal  table, 
Sy  x=  standard  error  of  estimate  for  predic- 
tion equation, 
n=  number   of   observations    used    to 
_     develop  the  equation, 
_X=  sample  mean  of  Ln(X), 
E(X  -  X)^  =  corrected  sum  of  squares  for  Ln(X), 

X=  Ln(D^H);  D-dbh  and  H  =  total  height 
of  tree  for  which  Y  is  predicted. 

LITERATURE  CITED 

Clark,  Alexander,  III;  Phillips,  Douglas  R.;  Hitch- 
cock, Harry  C,  III.  Predicted  weights  and  volumes 


of  scarlet  oak  trees  on  the  Tennessee  Cumberland 
Plateau.  Res.  Pap.  SE-214,  Asheville,  NC:  U.S. 
Department  of  Agriculture,  Forest  Service,  South- 
eastern Forest  Experiment  Station;  1980.  23  p. 

Farrar,  R.  M.,  Jr.  Silvicultural  implications  of  the 
growth  response  of  naturally  regenerated  even- 
aged  stands  of  longleaf  pine  (Pinus  palustris  Mill.) 
to  varying  stand  age,  site  quality,  and  density  and 
certain  stand  structure  measures.  Athens,  GA: 
University  of  Georgia;  1978. 132  p.  Ph.D.  Disserta- 
tion. 

Fowells,  H.  A.,  comp.  Silvics  of  forest  trees  of  the 
United  States.  Agric.  Handb.  271.  Washington, 
DC:  U.S.  Department  of  Agriculture;  1965.  762  p. 

Heinrichs,  J.  Frank;  Lassen,  L.  E.  Improved  tech- 
nique for  determining  the  volume  of  irregularly 
shaped  wood  blocks.  For.  Prod.  J.  20(4):  24;  1970. 

Land,  Charles  E.  An  evaluation  of  approximate  confi- 
dence interval  estimation  methods  for  lognormal 
means.  Technometrics  14(1):  145  -  158;  1972. 

Little,  Elbert  L.,  Jr.  Checklist  of  United  States  Trees. 
Agric.  Handb.  541.  Washington,  DC:  U.S.  Depart- 
ment of  Agriculture;  1979.  375  p. 

Schlaegel,  Bryce  E.  Willow  oak  volume  and  weight 
tables  for  the  Mississippi  Delta.  Res.  Pap.  SO-173, 
New  Orleans,  LA:  U.S.  Department  of  Agriculture, 
Forest  Service,  Southern  Forest  Experiment  Sta- 
tion; 1981. 14  p. 

Schlaegel,  Bryce  E.  Sugarberry  volume  and  weight 
tables.  Res.  Pap.  SO-205,  New  Orleans,  LA:  U.S. 
Department  of  Agriculture,  Forest  Service,  South- 
em  Forest  Experiment  Station;  1984a.    13  p. 

Schlaegel,  Bryce  E.  Sweetgum  volume  and  weight 
tables.  Res.  Pap.  SO-204,  New  Orleans,  LA:  U.S. 
Department  of  Agriculture,  Forest  Service,  South- 
ern Forest  Experiment  Station;  1984b.  14  p. 

Schlaegel,  Bryce  E.  Green  ash  volume  and  weight 
tables.  Res.  Pap.  SO-206,  New  Orleans,  LA:  U.S. 
Department  of  Agriculture,  Forest  Service,  South- 
ern Forest  Experiment  Station;  1984c.      14  p. 

Schlaegel,  Bryce  E.;  Willson,  Regan  B.  Nuttall  oak 
volume  and  weight  tables.  Res.  Pap.  SO-186,  New 
Orleans,  LA:  U.S.  Department  of  Agriculture, 
Forest  Service,  Southern  Forest  Experiment  Sta- 
tion; 1983. 14  p. 


Table  I.— Regression  statistics  for  predicting  overcup  oak  volumes  and  weights  using  dbh  and 
total  height' 


Average 

Fit 

C.V. 

Component 

Y 

bo 

b, 

index^ 

Se' 

percent' 

Volume  (cubic  feet) 

Bole  wood 

40.5 

-6.121 

0.97357 

0.986 

5.53 

13.7 

Bole  bark 

5.7 

-6.592 

0.83522 

0.965 

1.10 

19.3 

Total  bole 

46.2 

-5.709 

0.94682 

0.986 

6.27 

13.6 

Total  tree, 

72.2 

-5.772 

0.98670 

0.948 

19.62 

27.2 

excluding 

leaves 

Green  weight  (pounds) 

Bole  wood 

2666 

-  2.008 

0.98142 

0.988 

344 

12.9 

Bole  bark 

277 

-2.699 

0.83346 

0.963 

55 

19.9 

Total  bole 

2943 

- 1.657 

0.95682 

0.987 

383 

13.0 

Total  tree. 

4604 

-1.729 

0.99737 

0.950 

1217 

26.4 

excluding 

leaves 

Dry  weight  (pounds) 

Bole  wood 

1401 

-2.541 

0.97131 

0.981 

221 

15.8 

Bole  bark 

153 

-3.765 

0.87747 

0.961 

33 

21.3 

Total  bole 

1554 

-  2.282 

0.95592 

0.982 

239 

15.4 

Total  tree. 

2432 

-2.343 

0.99535 

0.945 

677 

27.8 

excluding 

leaves 

'Volumes  and  weights  of  trees  from  a  1-foot  stump  to  the  tree  tip,  using  Ln(Y)  =  bo  +  b,  Ln(D^H); 
D  =  dbh,  H  =  total  tree  height.        _ 

'Fit  index  =  1.0  -  [E(Y  -  YP  /  E(Y  -  Y)'],  using  untransformed  values. 
'Se  =  [DIY  -  Y)'  /  (n  -  2)] "',  using  untransformed  values. 
'Coefficient  of  variation  =  100  Se  /  Y. 


Table  2.-C 

ubic-foot  volume  forovercup  oak  bole  wood,  bole  wood  plus  bark,  and  total  tree' 

Total  height  in  feet 

Dbh 

10                  20                 30                 40                  50                  60                  70 

80 

90 

100 

110 

inches 
1 


10 


11 


12 


13 


14 


15 


16 


17 


18 


0.02^ 
0.03' 
0.03 

0.08 
0.11 
0.12 


0.04 
0.06 
0.06 

0.16 
0.21 
0.23 

0.34 
0.45 
0.52 

0.60 
0.78 
0.92 


-cubic  feet  - 


0.23 
0.31 
0.35 

0.51 
0.66 
0.78 

0.90 
1.15 
1.38 

1.38 
1.75 
2.14 


0.68 
0.87 
1.04 

1.18 
1.51 
1.83 

1.83 
2.30 
2.84 

2.61 
3.24 
4.07 

3.52 
4.34 
5.52 

4.57 
5.59 
7.18 

5.75 
6.99 
9.06 

7.06 

8.53 

11.10 


0.84 
1.08 
1.29 

1.47 
1.86 
2.28 

2.27 
2.84 
3.54 

3.24 
4.01 
5.07 

4.38 
5.36 
6.88 

5.68 
6.91 
8.95 

7.14 

8.63 

11.30 

8.77 
10.50 
13.90 

10.6 
12.6 
16.8 

12.5 
14.9 
19.9 

14.6 
17.3 
23.3 

16.9 
19.9 
27.0 

19.3 
22.7 
30.9 

21.9 
25.7 
35.1 


1.76 
2.21 
2.73 

2.72 
3.37 
4.24 

3.87 
4.76 
6.07 

5.23 
6.38 
8.23 

6.78 

8.21 

10.70 

8.53 
10.30 
13.50 

10.5 
12.5 
16.6 

12.6 
15.0 
20.1 

14.9 

17.7 
23.8 

17.4 
20.6 
27.9 

20.2 
23.7 
32.3 

23.1 
27.0 
37.0 

26.1 
30.5 
42.1 

29.4 
34.2 
47.4 

32.9 
38.1 
53.1 


4.50 
5.51 
7.07 

6.07 
7.38 
9.58 

7.88 

9.50 

12.50 

9.91 
11.90 
15.70 

12.2 
14.5 
19.4 

14.6 
17.4 
23.4 

17.3 
20.5 

27.8 

20.3 
23.8 
32.5 

23.4 

27.4 
37.6 

26.8 
31.2 
43.1 

30.4 
35.3 
49.0 

34.2 
39.6 
55.2 

38.2 
44.1 
61.8 


11.3 
13.5 
17.9 

13.9 
16.4 
22.1 

16.7 
19.7 
26.7 

19.8 
23.2 
31.7 

23.1 
27.0 
37.1 

26.7 
31.1 
42.9 

30.5 
35.4 
49.2 

34.6 
40.1 
55.9 

38.9 
44.9 
63.0 

43.5 
50.1 
70.5 


25.9 
30.2 
41.7 

29.9 
34.8 
48.2 

34.2 
39.6 
55.3 

38.8 
44.8 
62.8 

43.7 
50.2 
70.7 

48.8 
56.0 
79.2 


37.9 
43.8 
61.3 

43.0 
49.5 
69.6 

48.4 
55.5 
78.5 

54.1 
61.8 
87.9 


Table  2.— Cubic-foot  volume  forovercup  oak  bole  wood,  bole  wood  plus  bark,  and  total  tree— (Continued) 


Total  height  in  feet 


Dbh 


10 


20 


30 


40 


50 


60 


70 


inches 
19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


80 


90 


100 


■cubic  feet - 
36.5 
42.2 
59.0 

42.4 
48.9 
68.7 

48.3 
55.5 

78.4 

54.2 
62.0 

88.1 

60.1 
68.5 
97.8 

40.4 
46.5 
65.3 

46.9 
53.9 
76.1 

53.4 
61.1 

86.8 

59.9 
68.3 
97.5 

66.4 

75.5 

108.0 

44.4 
51.0 
71.9 

51.6 
59.1 
83.8 

58.7 
67.0 
95.6 

65.9 

74.9 

107.0 

73.0 

82.8 

119.0 

48.6 
55.7 
78.9 

56.5 
64.5 
91.8 

64.3 

73.2 

105.0 

72.1 

81.8 

118.0 

79.9 

90.4 

131.0 

53.0 
60.6 
86.1 

61.6 

70.2 

100.0 

70.1 

79.6 

114.0 

78.7 

89.0 

128.0 

87.2 

98.4 

143.0 

57.6 
65.7 
93.6 

66.9 

76.1 

109.0 

76.2 

86.3 

124.0 

85.5 

96.5 

140.0 

94.7 
107.0 
155.0 

72.4 

82.2 

118.0 

82.5 

93.3 

135.0 

92.5 
104.0 
151.0 

103 
115 
168 

78.2 

88.5 

128.0 

89.0 
100.0 
146.0 

100 
112 
164 

111 
124 
182 

84.2 

95.1 

138.0 

95.8 
108.0 
157.0 

107 
121 
176 

119 
133 
196 

90.3 
102.0 
148.0 

103 
116 
169 

115 
129 
189 

128 
143 
210 

96.7 
109.0 
158.0 

110 
124 
181 

124 
138 
203 

137 
153 
225 

103 
116 
169 

118 
132 
193 

132 
147 
217 

146 
163 
241 

110 
124 
181 

125 
140 
206 

141 
157 
231 

156 
173 
257 

117 
131 
192 

133 
149 
219 

150 
166 
246 

166 
184 
273 

124 
139 
204 

142 
158 
233 

159 
176 
262 

176 
195 
291 

132 
147 
217 

150 
167 
247 

168 
187 
278 

187 
206 
308 

139 
155 
230 

159 
176 
262 

178 
197 
294 

197 
218 
326 

147 
164 

243 

168 
186 
2^7 

188 
208 
311 

209 
230 

345 

110 


112 
126 
185 

121 
136 
199 

131 
146 
215 

140 
156 
231 

150 
167 
247 

160 
178 
265 

171 
189 
282 

182 
201 
300 

193 
213 
319 

205 
226 
339 

217 
238 
359 

229 
251 
379 


'Tree  volume  from  a  1-foot  stump  to  the  tree  tip. 

'The  three  vertical  figures  for  each  dbh  give  volumes  of  bole  wood  first,  bole  wood  plus  bark  second,  and  total  tree  (bole  wood  plus  bark  plus 
limbs  excluding  leaves)  last. 
'Boldface  numbers  span  the  range  of  the  data. 


Table  3.- 

-Green  weight  in  pounds  forovercup  oak  bole  wood,  bole  woodplus  bark,  and  total  tree' 

Total  height  in  feet 

Dbh 

10       20       30       40       50        60        70 

80 

90 

100 

110 

inches  ■. pounds  - 

1  1.3^  2.5 
l.r  3.4 
1.8                 3.5 

2  5.0  9.9 
6.5  12.6 
7.0               14.0 

3  22 
27 
32 

4  39 
48 
56 


10 


11 


12 


13 


14 


15 


16 


17 


18 


15 

19 

21 

33 

43 

54 

40 

53 

66 

47 

63 

79 

57 

76 

95 

113 

70 

92 

114 

136 

84 

112 

139 

167 

89 

118 

147 

176 

107 

142 

175 

209 

131 

174 

218 

261 

169 

210 

251 

293 

201 

248 

296 

343 

251 

313 

376 

438 

229 

285 

340 

396 

269 

334 

397 

460 

341 

426 

511 

596 

297 

370 

442 

514 

348 

431 

513 

594 

445 

556 

667 

778 

374 

466 

557 

648 

739 

436 

540 

642 

745 

846 

563 

703 

843 

984 

1124 

460 

573 

685 

797 

909 

533 

660 

786 

911 

1035 

695 

868 

1041 

1214 

1387 

691 

826 

961 

1096 

792 

943 

1093 

1242 

1049 

1259 

1468 

1677 

820 

980 

1140 

1300 

936 

1114 

1291 

1467 

1248 

1497 

1746 

1995 

959 

1147 

1334 

1521 

1708 

1091 

1298 

1505 

1710 

1914 

1464 

1756 

2048 

2340 

2632 

1109 

1327 

1543 

1759 

1975 

1257 

1496 

1734 

1970 

2206 

1698 

2036 

2375 

2713 

3051 

1270 

1519 

1767 

2014 

2261 

2508 

1434 

1707 

1979 

2249 

2517 

2784 

1948 

2337 

2725 

3113 

3501 

3889 

1442 

1724 

2006 

2286 

2567 

2846 

1623 

1932 

2239 

2544 

2848 

3150 

2216 

2658 

3099 

3541 

3982 

4423 

1942 

2259 

2575 

2891 

3206 

2170 

2514 

2857 

3198 

3537 

2999 

3498 

3996 

4494 

4992 

2172 

2527 

2881 

3234 

3587 

2420 

2805 

3187 

3568 

3946 

3361 

3920 

4478 

5037 

5595 

Table  3.— Green  weight  in  pounds  for  overcup  oak  bole  wood,  bole  wood  plus  bark,  and  total  tree— (Continued) 


Total  height  in  feet 


Dbh 


10 


20 


30 


40 


50 


60 


70 


80 


90 


100 


110 


inches 
19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


—pounds  - 

2416 

2810 

3204 

3596 

3988 

2684 

3111 

3535 

3956 

4376 

3744 

4366 

4989 

5610 

6232 

2672 

3108 

3543 

3977 

4411 

2961 

3432 

3899 

4365 

4827 

4148 

4837 

5526 

6215 

6903 

2940 

3420 

3899 

4377 

4854 

3251 

3767 

4281 

4792 

5300 

4572 

5331 

6091 

6850 

7609 

3221 

3747 

4272 

4795 

5318 

3554 

4118 

4680 

5238 

5793 

5016 

5850 

6683 

7516 

8349 

3515 

4089 

4661 

5233 

5803 

3869 

4484 

5095 

5703 

6308 

5481 

6392 

7303 

8213 

9123 

3821 

4445 

5068 

5689 

6308 

4197 

4864 

5527 

6187 

6843 

5967 

6958 

7950 

8941 

9931 

4816 

5490 

6163 

6835 

7505 

5260 

5976 

6689 

7399 

8105 

7549 

8624 

9699 

10774 

11848 

5201 

5930 

6656 

7381 

8105 

5670 

6442 

7211 

7976 

8737 

8163 

9326 

10488 

11651 

12812 

5601 

6386 

7168 

7949 

8728 

6094 

6925 

7751 

8573 

9391 

8801 

10055 

11309 

12562 

13814 

6016 

6858 

7699 

8537 

9374 

6533 

7424 

8309 

9191 

10068 

9464 

10812 

12159 

13507 

14854 

6445 

7347 

8248 

9146 

10043 

6987 

7939 

8887 

9829 

10768 

10150 

11596 

13041 

14486 

15931 

6888 

7853 

8815 

9775 

10734 

7456 

8472 

9482 

10488 

11489 

10860 

12407 

13953 

15500 

17045 

7346 

8375 

9401 

10425 

11447 

7938 

9020 

10096 

11167 

12233 

11594 

13246 

14897 

16547 

18197 

7818 

8913 

10005 

11095 

12183 

8436 

9585 

10729 

11867 

13000 

12352 

14111 

15870 

17629 

19387 

8305 

9468 

10628 

11786 

12942 

8947 

10167 

11379 

12586 

13788 

13134 

15005 

16875 

18745 

20614 

8806 

10040 

11270 

12498 

13723 

9473 

10764 

12048 

13326 

14599 

13940 

15925 

17911 

19895 

21879 

9322 

10627 

11930 

13299 

14526 

10014 

11378 

12736 

14087 

15432 

14769 

16873 

18977 

21079 

23182 

9852 

11232 

12608 

13981 

15352 

10568 

12009 

13441 

14867 

16286 

15623 

17849 

20074 

22298 

24522 

'Tree  weight  from  a  1-foot  stump  to  the  tree  tip. 

^The  three  vertical  figures  for  each  dbh  give  weights  of  bole  wood  first,  bole  wood  plus  bark  second,  and  total  tree  (bole  wood  plus  bfu-k  plus 
limbs  excluding  leaves)  last. 
'Boldface  numbers  span  the  range  of  the  data. 
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Table  4.— Dry  weight  in  pounds  for  overcup  oak  bole  wood,  bole  wood  plus  bark,  and  total  tree' 


Total  height  in  feet 


Dbh 


10 


20 


30 


40 


50 


60 


70 


80 


90 


100 


110 


inches 
1 


0.7' 
0.9' 
1.0 

2.8 
3.5 
3.8 


1.4 

1.8 

1.9 

5.6 

8.2 

6.7 

9.9 

7.5 

11.3 

12 

18 

15 

22 

17 

25 

21 

32 

25 

37 

30 

45 

49 

57 

70 

10 


11 


12 


13 


14 


15 


16 


17 


18 


24 

28 
34 

42 
49 
60 

65 
75 
93 

92 
107 
134 

124 
143 
182 

161 
185 
237 

202 
232 
300 

248 
283 
370 


-pounds  - 


30 

35 

42 

52 

62 

61 

72 

74 

89 

80 

96 

93 

111 

116 

139 

114 

137 

159 

132 

157 

182 

167 

200 

233 

154 

184 

214 

177 

211 

245 

227 

272 

317 

200 

239 

277 

229 

272 

316 

296 

355 

414 

251 

300 

349 

397 

287 

341 

395 

449 

374 

449 

523 

597 

309 

368 

428 

487 

351 

417 

484 

550 

462 

553 

645 

737 

371 

443 

515 

586 

421 

501 

580 

659 

558 

669 

780 

891 

440 

525 

610 

694 

497 

591 

685 

779 

664 

796 

927 

1059 

-- 

514 

613 

712 

811 

909 

579 

689 

799 

907 

1016 

778 

933 

1088 

1242 

1397 

593 

708 

822 

936 

1050 

667 

794 

920 

1046 

1170 

902 

1081 

1261 

1440 

1619 

678 

810 

940 

1071 

1200 

1330 

761 

906 

1050 

1193 

1335 

1477 

1035 

1240 

1446 

1652 

1857 

2062 

769 

918 

1066 

1214 

1361 

1507 

861 

1025 

1188 

1350 

1511 

1671 

1176 

1410 

1644 

1878 

2112 

2345 

1032 

1199 

1365 

1531 

1696 

1151 

1334 

1516 

1696 

1876 

1591 

1855 

2119 

2383 

2646 

1154 

1340 

1526 

1711 

1895 

1284 

1488 

1691 

1892 

2092 

1783 

2079 

2374 

2670 

2965 
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Table  A.— Dry  weight  in  pounds  for  overcup  oak  bole  wood,  bole  wood  plus  bark,  and  total  tree— (Continued) 


Dbh 


Total  height  in  feet 


10 


20 


30 


40 


50 


60 


70 


80 


90 


100 


110 


inches 
19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


1282 

1489 

1695 

1900 

2105 

1424 

1650 

1875 

2098 

2320 

1986 

2315 

2644 

2973 

3302 

1416 

1644 

1872 

2099 

2325 

1571 

1820 

2068 

2314 

2559 

2199 

2564 

2929 

3293 

3657 

1557 

1808 

2058 

2308 

2557 

1724 

1998 

2270 

2540 

2810 

2424 

2826 

3227 

3629 

4030 

1704 

1979 

2253 

2526 

2798 

1885 

2184 

2481 

2777 

3071 

2659 

3100 

3540 

3981 

4421 

1857 

2157 

2456 

2754 

3051 

2052 

2377 

2701 

3023 

3343 

2905 

3387 

3868 

4349 

4830 

2018 

2343 

2668 

2991 

3314 

2226 

2579 

2930 

3279 

3627 

3162 

3686 

4210 

4734 

5257 

2537 

2888 

3238 

3587 

3935 

2788 

3168 

3545 

3921 

4295 

3998 

4566 

5134 

5702 

6269 

2738 

3117 

3495 

3871 

4247 

3005 

3415 

3822 

4227 

4630 

4323 

4937 

5551 

6165 

6779 

2946 

3354 

3760 

4166 

4570 

3230 

3670 

4108 

4543 

4976 

4660 

5322 

5984 

6646 

7307 

3162 

3599 

4036 

4470 

4904 

3463 

3934 

4403 

4870 

5334 

5010 

5722 

6434 

7145 

7856 

3385 

3853 

4320 

4786 

5250 

3703 

4207 

4709 

5208 

5705 

5372 

6136 

6899 

7662 

8424 

3615 

4116 

4614 

5112 

5607 

3951 

4489 

5024 

5556 

6086 

5747 

6564 

7381 

8197 

9013 

3853 

4386 

4918 

5448 

5976 

4207 

4780 

5349 

5916 

6480 

6135 

7007 

7879 

8750 

9621 

4098 

4665 

5231 

5794 

6356 

4470 

5079 

5684 

6286 

6886 

6535 

7464 

8393 

9321 

10248 

4350 

4953 

5553 

6151 

6748 

4741 

5386 

6028 

6667 

7303 

6948 

7936 

8923 

9910 

10896 

4610 

5248 

5885 

6519 

7151 

5019 

5703 

6382 

7059 

7732 

7374 

8422 

9469 

10516 

11563 

4877 

5552 

6225 

6896 

7565 

5305 

6028 

6746 

7461 

8173 

7812 

8922 

10032 

11141 

12250 

5151 

5865 

6576 

7284 

7991 

5599 

6361 

7119 

7874 

8625 

8262 

9437 

10610 

11784 

12956 

'Tree  weight  from  a  1-foot  stump  to  the  tree  tip. 

'The  three  vertical  figures  for  each  dbh  give  weights  of  bole  wood  first,  bole  wood  plus  bark  second,  and  total  tree  (bole  wood  plus  bark  plus 
limbs  excluding  leaves)  last. 
'Boldface  numbers  span  the  range  of  the  data. 
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Table  5.— Regression  statistics  for  predicting  overcup  oak  bole  volumes  and  weights  using  two 
bole  diameter  measurements  and  total  height' 


Component 

Average 
Y 

bo 

Fit 
b,                  index' 

Se' 

C.V. 
percent' 

Volume  (cubic  feet) 

Bole  wood 
Bole  bark 
Total  bole 

40.5 

5.7 

46.2 

-6.023 
-6.509 
-5.615 

0.99595              0.994 
0.85457              0.969 
0.96870              0.995 

Green  weight  (pounds) 

3.65* 

1.04 

3.91* 

9.0 

18.3 

8.5 

Bole  wood 
Bole  bark 
Total  bole 

2666 

277 

2943 

-1.908 
-2.623 
-1.562 

1.00389              0.991 
0.85329              0.968 
0.97894              0.993 

Dry  weight  (pounds) 

288 

51 

287* 

10.8 

18.6 

9.7 

Bole  wood 
Bole  bark 
Total  bole 

1401 

153 

1554 

-2.441 
-3.688 
-2.186 

0.99347              0.987 
0.89855              0.968 
0.97795              0.989 

187 

29 

188* 

13.3 
19.2 
12.1 

'Volumes  and  weights  of  trees  from  a   1-foot  stump  to  the  tree  tip,  using  Ln(Y)  =  bo  +  bi 
Ln(DD.,H);  D  =  dbh,  H  =  total  tree  height,  D.,  =  bole  diameter  outside  bark  at  '/3H. 
Tit  index  =  1.0  -  [E(Y  -  Y)'  /  LiY  -  YV],  using  untransformed  values. 
'Se  =  [EfY  -  Y)'  /  (n  -  2)] ' ',  using  untransformed  values. 
'Coefficient  of  variation  =  100  Sc  /  Y. 
♦Significantly  more  precise  by  the  F  test  than  D'H  model;  a  =  0.05. 


Table  6. — Regression  statistics  for  predicting  overcup  oak  bole  volumes  and  weights  using  three 
bole  diameter  measurements  and  total  height ' 


Component 

Average 
Y 

b„ 

Fit 
b,                 index' 

Se' 

C.V. 
percent* 

Volume  (cubic  feet) 

Bole  wood 
Bole  bark 
Total  bole 

40.5 

5.7 

46.2 

-6.708 
-  7.099 
-6.282 

1.10678              0.997 
0.87258              0.970 
0.98903              0.998 

Green  weight  (pounds) 

2.65* 

1.02 

2.44* 

6.5 

17.9 
5.3 

Bole  wood 
Bole  bark 
Total  bole 

2666 

277 

2943 

-2.598 
-3.216 
-2.236 

1.02482              0.992 
0.87152              0.970 
0.99948              0.995 

Dry  weight  (pounds) 

276+ 
50 

247  + 

10.3 

17.9 

8.4 

Bole  wood 
Bole  bark 
Total  bole 

1401 

153 

1554 

-3.123 
-4.314 
-2.859 

1.01413              0.988 
0.91791              0.972 
0.99842              0.991 

176  + 

27  + 

166  + 

12.5 
18.0 
10.7 

'Volumes  and  weights  of  trees  from  a  1-foot  stump  to  the  tree  tip,  using  Ln(Y)  =  bo  +  bi 
Ln[(DD.,  +  D'.,)H];  D  =  dbh,  H  =  total  tree  height,  D.,  and  D.,  =  bole  diameters  outside  bark  at 
'/2H  and  '/4H,  respectively.  _ 

'Fit  index  =  1.0  -  [ElY  -  Y)'  /  L{Y  -  Y)'],  using  untransformed  values. 

'Sc  =  [E(Y  -  Y)'  /  (n  -  2)]'\  using  untransformed  values. 

'Coefficient  of  variation  =  100  S^  /  Y. 

+  Significantly  more  precise  by  the  F  test  than  D  •  D. ,  •  H  model;  a  =  0.05. 

*  Significantly  more  precise  by  the  F  test  than  D'H  model;  a  =  0.05. 
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Table  7.— Local  volume  and  weight  equations  for  overcup  oak ' 


Average 

Fit 

C.V. 

Component 

Y 

b„ 

b, 

index^ 

Se' 

percent" 

Volume  (cubic  feet) 

Bole  wood 

40.5 

-3.343 

1.22924 

0.969 

8.38* 

20.7 

Bole  bark 

5.7 

-4.214 

1.05515 

0.938 

1.48* 

25.9 

Total  bole 

46.2 

-3.011 

1.19596 

0.972 

8.94* 

19.3 

Total  tree, 

72.2 

-2.972 

1.24788 

0.961 

16.93 

23.4 

excluding 

leaves 

Green  wei 

ght  (pounds) 

Bole  wood 

2666 

0.795 

1.23887 

0.959 

628* 

23.5 

Bole  bark 

277 

-0.338 

1.05436 

0.939 

71* 

25.7 

Total  bole 

2943 

1.069 

1.20860 

0.965 

629* 

21.4 

Total  tree, 

4604 

1.103 

1.26121 

0.957 

1129 

24.5 

excluding 

leaves 

Dry  weight  (pounds) 

Bole  wood 

1401 

0.237 

1.22573 

0.952 

357* 

25.5 

Bole  bark 

153 

-1.282 

1.11032 

0.942 

40* 

25.9 

Total  bole 

1554 

0.446 

1.20702 

0.958 

365* 

23.5 

Total  tree, 

2432 

0.486 

1.25829 

0.951 

639 

26.3 

excluding 

leaves 

'Volumes  and  weights  of  trees  from  a  1-foot  stump  to  the  tree  tip,  using  Ln(Y)  =  bo  +  b,  Ln(D' 
D  =  dbh. 

Tit  index  =  1.0  -  (EIY  -  Y)'  /  E(Y  -  Y)'],  using  untransformed  values. 
'Se  =  [E(Y  -  Y)'  /  (n  -  2)]  ''■,  using  untransformed  values. 
"Coefficient  of  variation  =  100  Se  /  Y. 
♦Significantly  less  precise  by  the  F  test  than  D'H  model;  a  =  0.05. 


Table  8.— Statistics  for  estimating  confidence  bounds  for  overcup  oak  predictions  for  the  bole  and 
total  tree 


Corrected  sum 

s,. 

Independent 

Mean  of 

of  squares 

Standard  error 

of  estimate 

variable  -  X 

n 

X 

forX' 

for  tree  components 

Bole  predictions 

Volume 

Wood 
0.1684 

Bark 
0.1927 

Total 

Ln(D^) 

88 

4.575 

316.468 

0.1504 

Green  weight 

0.1812 

0.2113 

0.1595 

Dry  weight 

0.1963 

0.2292 

0.1725 

Ln(D'H) 

88 

8.623 

505.735 

Volume 

0.1216 

0.1782 

0.1190 

Green  weight 

0.1283 

0.2244 

0.1298 

Dry  weight 

0.1384 

0.2474 

0.1314 

Ln{DD,/.H) 

88 

8.327 

483.999 

Volume 

0.0796 

0.1551 

0.0697 

Green  weight 

0.0941 

0.1943 

0.0852 

Dry  weight 

0.1119 

0.2126 

0.0920 

Ln[(DD,/.+  D^/JH1 

88 

8.829 

464.587 

Volume 

0.0615 

0.1446 

0.0401 

Green  weight 

0.0834 

0.1794 

0.0639 

Dry  weight 

0.1060 

0.1936 

0.0761 

Fotal  tree  predictions 

Volume 

* 

Total  tree 
0.1618 

Ln(D^) 

84 

4.596 

311.562 

Green  weight 

0.1722 

Dry  weight 

0.1820 

Ln(D=H) 

84 

8.654 

497.862 

Volume 
Green  weight 
Dry  weight 

0.1782 
0.1837 
0.1838 

'E(X  -  X)^  in  base  e  logarithmic  units. 
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APPENDIX 


Examples  Using  the  Equations 


In  this  section  examples  are  presented  to  illustrate 
use  of  the  equations.  The  following  tabulation  gives 
data  used  to  illustrate  equation  use: 
D=  21.7  in. 
H  -  75.0  ft. 
Dv.=  15.5  in. 
D.,=  14.8  in. 
D,,=  11.5  in. 
Bole  wood  volume  (V)  is  calculated  using  X  =  D-H 
and  the  parameter  estimates  from  table  1  as  follows: 
Ln(V)=bo  =  b,Ln(D^H) 

=  -6.121+0.97357Ln(21.7x21.7x 

75.0) 
=  -6.121 +  0.97357  Ln  (35316.75) 
=  -6.121+0.97357(10.472) 
=  -6.121  +  10.195 
Ln(V)=  4.074 

V  -  e-"  ^^"•';  bole  wood  volume  =  58.8  ft'. 
To  calculate  total  green  bole  weight  (W)  using 
X  =  D  •  D,,  •  H  and  the  parameter  estimates  from  table 
5: 

Ln(W)=  bo  +  b,  Ln(DD,,H) 

=  -1.562  + 0.97894  Ln  (21.7  X  14.8  X 

75.0) 
=  -1.562  + 0.97894  Ln  (24087.00) 
=  -1.562  +  0.97894(10.089) 
=  -1.562  +  9.877 
Ln(W)=  8.315 

W  -  e«  "^;  total  bole  green  weight  =  4085  lb. 
To   calculate   bole   dry   weight   (W)   using   X    = 
[(DD,,+  D-,,)H]  and  the  parameter  estimates  from 
table  6: 

Ln(W)-  bo  +  b,  Ln[(DD,,+  D-.jH] 

=  -  2.859  + 0.99842  Ln  [(21.7x11.5  + 

15.5  X  15.5)  X  75.0] 
=  -  2.859  +  0.99842  Ln  [(249.55  +  240.25) 
X75.0] 


=  -2.859  + 0.99842  Ln  [489.80x75.0] 
=  -2.859  + 0.99842  Ln  [36735.00] 
=  -2.859  +  0.99842(10.511) 
=  -2.859+10.494 
Ln(W)  =  7.635 

W  =  e^  *'';  total  bole  dry  weight  =  2069  lb. 
Merchantable  bole  estimates  to,  say.  an  8-inch  top 
are  calculated  using  equation  3  to  estimate  the  mer- 
chantable portion  of  the  bole  and  then  multiplying 
that  proportion  (R8)  by  the  predicted  bole  estimate  of 
interest.  Letting  DI  =  8.0.  X  =  [(21.7 -8.0)/21.7],  or 
X  =  0.631,  and  from  (3): 

R8  =  [1.0  +  EXP  (0.64378  +  16.57000  (0.631)  - 
102.69489  (0.631)'  +  158.52166  (0.631)'  - 
82.99971(0.631)^)]   ' 
=  [1.0  +  EXP  (0.64378  +  16.57000  (0.631)  - 
102.69489  (0.39816)  +  158.52166  (0.25124)  - 
82.99971(0.15853))]-' 
=  [1.0  +  EXP  (0.64378  +  10.45567  -  40.88900 

+  39.82698-13.15794)]-' 
=  [1.0  +  EXP(-3. 12051)]-' 
=  [1.0  +  0.04413]   ' 
=  [1.04413]   ' 
R8=  0.958. 

Then  bole  wood  volume  to  an  8-inch  top  (V8)  can  be 
calculated: 

V8  =  (R8)(predicted  total  bole  wood  volume) 
=  (0.958)(58.8) 
=  56.3  ft'. 
Of  course,  total  bole  volumes  or  weights  can  be  cal- 
culated using  any  one  of  the  three  sets  of  parameter 
estimates  given  in  tables  1,  5,  or  6.  Then  any  of  these 
total  bole  calculations  can  be  used  with  the  estimate 
of  merchantable  proportion  to  calculate  merchantable 
bole  values.  The  choice  of  which  set  of  equations  to 
use  is  left  to  the  user,  who  must  balance  inventory 
precision  against  inventory  cost. 


14 


Schlaegel,  Bryce  E.  Overcup  oak  volume  and  weight  tables. 
Res.  Pap.  SO-207.  New  Orleans,  LA:  U.S.  Department  of 
Agriculture,  Forest  Service,  Southern  Forest  Experiment 
Station;  1984. 14  p. 

A  sample  of  88  trees  from  the  Mississippi  Delta  is  used  to 
construct  volume  and  weight  tables  for  overcup  oak. 

Additional  keywords:  Quercus  lyrata,   merchantable  bole 
estimates,  biomass. 


*  U.S.  GOVERNMENT  PRINTING  OFFICE:   1984-769-089:40. 


United  States 
Pi  Department  of 
0  Agriculture 

Forest  Service 

Southern  Forest 
Experiment  Station 

New  Orleans, 
Louisiana 

Research  Paper 
SO-208 
August  1984 


Geographic  Variation  Patterns 
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SUMMARY 

In  a  range-wide  study,  weight,  size,  endocarp  weight,  and  kernel  weight  of 
black  cherry  (Prunus  serotina  Ehrh.)  seeds  varied  clingilly  with  latitude;  those 
from  farther  north  were  larger  in  all  respects.  These  characteristics,  however, 
were  not  related  to  germination  or  seedling  growth  of  the  half-sib  families 
through  the  first  year  in  a  Southern  nursery.  Seedling  height  was  not  related 
to  latitude  of  origin.  There  was  a  strong  association  between  leaf  size,  leaf  area, 
and  height  growth.  Results  are  discussed  in  view  of  the  evolutionary  develop- 
ment of  the  species. 


Geographic  Variation  Patterns  in  Seed  and  Nursery 
Characteristics  of  Black  Cherry 


John  A.  Pitcher 


INTRODUCTION 

Knowledge  of  the  range  of  values  for  selected  traits 
and  the  description  of  their  geographic  distribution 
are  basic  types  of  information  required  in  tree  breed- 
ing and  genetic  improvement  programs.  Thor  (1977) 
points  out  that  failure  of  the  breeder  to  obtain  sub- 
stantial information  on  provenance  variation 
increases  the  possibility  of  selecting  trees  from  infe- 
rior populations. 

In  1979  and  1980,  black  cherry  (Prunus  serotina 
Ehrh.)  seeds  were  collected  from  many  locations 
throughout  a  major  part  of  the  natural  range  of  the 
species  (fig.  1).  The  purpose  was  to  provide  seed  for 
provenance  evaluation  as  requested  by  scientists  of 
the  Instituto  Nacional  de  Investigaciones  Agrarias  at 
Lourizan,  Spain.  This  collection  activity  provided 
sufficient  seeds  to  establish  additional  tests  in  the 
United  States. 

MATERIALS  AND  METHODS 

Black  cherry  fruits  were  collected  from  1  to  12 
trees  in  64  separate  locations  over  the  2-year  period 
(table  1).  Although  black  cherry  is  considered  to  be 
entirely  self-incompatible  (Knight  1969)  and  therefore 
there  is  no  possibility  of  half-sib  matings  (Mather 
1973),  collecting  from  adjacent  trees  was  avoided.  No 
special  effort  was  made  to  select  superior  phenotypes. 
Seed  was  harvested  by  many  different  cooperators. 
While  personal  biases  may  have  influenced  the  choice 
of  each  parent  tree,  the  effect  of  such  bias  was  diluted 
by  the  large  number  of  contributors  to  the  study. 
Each  collection  area  varied  in  size,  depending  on  the 
number  of  seed-bearing  trees  in  the  locality. 

Fruits  or  depulped  seeds  were  shipped  to  the  For- 
estry Sciences  Laboratory  at  Starkville,  Mississippi. 
Seeds  were  extracted  by  maceration  in  water  using  a 
blender  at  low  speed  for  10  to  15  seconds.  Pulp  and 
empty  seeds  were  removed  by  screening  and  flota- 
tion. Cleaned  seeds  were  dried  at  room  temperature 
overnight  before  storage  at  3°  to  5°C  in  polyethylene 
bags. 


A  single  random  sample  of  100  seeds  from  each 
tree  was  used  to  estimate  the  mean  seed  weight. 
Source  means  were  derived  from  simple  arithmetic 
sums  of  individual  samples  within  the  collection 
point.  Oven-dry  kernel  and  endocarp  weights  were 
obtained  from  100-seed  samples  in  each  of  the  seed- 
lots  collected  in  1979. 

Following  stratification,  seeds  collected  in  1979 
were  sown  directly  into  nursery  seedbeds  at  the  For- 
estry Sciences  Laboratory  in  April  1980.  Highly 
erratic  germination  in  the  seedbeds  prompted  the 
decision  to  abandon  this  material  and  repeat  the  test 
the  following  year.  Seeds  collected  in  1980,  as  well  as 
some  from  the  1979  collection,  were  stratified,  sown 
in  peat  pots  in  a  greenhouse,  and  then  transplanted 
into  the  nursery  beds  in  May  1981.  This  gave  a  satis- 
factory seedling  density.  One  hundred  and  thirty-six 
seedlots  were  sown  in  1981,  30  from  1979  collections 
and  106  from  1980  collections.  Of  these,  82  lots  from 
35  origins  had  sufficient  germinants  for  the  nursery 
study.  A  randomized  complete  block  design  contain- 
ing six  replications  of  82  families  arranged  in  8-tree 
row  plots  was  used.  Germination  and  measurements 
of  total  height  and  leaf  length  and  width  were 
recorded  for  each  family. 

Using  the  SYMAP'  computer  program,  seed 
weight  data  were  plotted  to  generate  a  map  illustrat- 
ing seed  weight  distribution  throughout  the  popula- 
tion sampled.  Analysis  of  variance  and  correlation 
analyses  were  used  on  fresh  weight;  oven-dry  endo- 
carp and  kernel  weights;  leaf  length,  width,  and  area; 
and  germination  and  seedling  height.  A  significance 
level  of  P<0.05  was  used  in  all  tests.  Using  weather 
records  from  the  National  Chmatic  Center  in  Ashe- 
ville.  North  Carolina,  12  chmatic  variables  and  three 
geographic  factors  were  correlated  with  seed  weight. 


'Synagraphic  Mapping  System,  Laboratory  for  Computer  Graph- 
ics and  Spatial  Analysis,  Harvard  Graduate  School  of  Design, 
Cambridge,  Massachusetts. 


John  A.  Pitcher  is  Research  Forester,  Southern  Forest  Experiment  Station,  G.  W.  Andrews  Forestry  Sciences  Laboratory,  Auburn  Univer- 
sity, Alabama  36849. 


■  Table  1 .  —Seed  origin  data  for  black  cherry  seed  collections,  1979  - 1980 


Seed 

No.  of 

Mean 

No.  in 

origin 

seed 

weight 

nursery 

number 

lots 

County 

State 

Latitude 

Longitude 

of  100 

seeds 

(grams) 

test 

1 

5 

Goodhue 

MN 

44.5 

92.6 

13.0 

0 

2 

8 

Oneida 

WI 

45.6 

89.4 

11.8 

0 

3 

3 

Alger 

MI 

46.3 

86.8 

14.2 

0 

4 

5 

McKean 

PA 

41.8 

78.7 

8.5 

3 

5 

4 

Warren 

PA 

41.7 

79.1 

10.5 

3 

6 

5 

Kalamazoo 

MI 

42.2 

85.4 

11.8 

0 

7 

5 

Cassopolis 

MI 

42.0 

86.0 

10.6 

0 

8 

10 

Dane 

WI 

43.0 

89.5 

12.5 

0 

9 

2 

AUamkee 

lA 

43.0 

92.0 

10.5 

0 

10 

8 

Marshall 

lA 

41.8 

93.2 

10.2 

2 

11 

3 

McLean 

IL 

40.5 

89.0 

9.0 

0 

12 

3 

Tippecanoe 

IN 

40.4 

86.9 

11.3 

0 

13 

2 

Miami 

OH 

40.1 

84.1 

9.4 

2 

14 

5 

Delaware 

OH 

40.3 

83.0 

9.6 

3 

15 

6 

Tucker 

wv 

39.1 

79.6 

9.2 

5 

16 

5 

Monroe 

IN 

39.0 

86.6 

9.9 

0 

17 

3 

Bond 

IL 

38.8 

89.5 

8.5 

0 

18 

8 

Linn 

KS 

38.3 

95.0 

10.0 

1 

19 

4 

Texas 

MO 

37.3 

92.0 

8.8 

1 

20 

12 

Jackson 

IL 

37.8 

89.2 

8.0 

0 

21 

3 

Hardin 

IL 

37.5 

88.3 

8.7 

0 

22 

1 

McCracken 

KY 

37.0 

88.7 

7.2 

0 

23 

3 

Hopkins 

KY 

37.3 

87.5 

8.2 

1 

24 

2 

Christian 

KY 

36.8 

87.5 

7.2 

0 

25 

1 

Hardin 

KY 

37.8 

86.0 

7.9 

0 

26 

3 

Monroe 

WV 

37.6 

80.4 

9.1 

3 

27 

3 

Montgomery 

VA 

37.2 

80.3 

9.8 

3 

28 

5 

Wake 

NC 

35.7 

78.8 

6.3 

4 

29 

2 

Jones 

NC 

35.0 

77.5 

9.2 

1 

30 

3 

Montgomery 

NC 

35.4 

79.9 

5.6 

0 

31 

3 

Johnson 

TN 

36.5 

81.8 

9.1 

2 

32 

2 

Cherokee 

NC 

35.2 

84.0 

5.6 

0 

33 

6 

Rabun 

GA 

34.9 

83.4 

6.3 

3 

34 

8 

Anderson 

TN 

36.1 

84.1 

5.1 

5 

35 

7 

Murray 

GA 

34.8 

84.7 

5.9 

1 

36 

2 

Maury 

TN 

35.4 

87.2 

6.2 

0 

37 

3 

Dickson 

TN 

36.0 

87.5 

6.6 

0 

38 

2 

Montgomery 

TN 

36.5 

87.3 

6.0 

0 

39 

4 

Henderson 

TN 

35.8 

88.4 

5.4 

0 

40 

3 

Hardeman 

TN 

35.4 

89.0 

5.5 

1 

41 

4 

Lauderdale 

TN 

35.8 

89.5 

5.0 

0 

42 

2 

Boone 

AR 

36.4 

93.0 

7.0 

2 

43 

6 

Garland 

AR 

34.5 

93.3 

6.3 

4 

44 

5 

Marshall 

MS 

34.6 

89.5 

5.8 

3 

45 

6 

Carroll 

MS 

33.4 

89.9 

4.7 

1 

46 

9 

Oktibbeha 

MS 

33.4 

88.8 

6.6 

3 

47 

4 

Winston 

AL 

34.2 

87.3 

6.0 

0 

48 

3 

Talladega 

AL 

33.4 

86.2 

5.3 

0 

49 

2 

Lee 

AL 

32.6 

85.5 

5.5 

0 

50 

3 

Henry 

GA 

33.4 

84.2 

5.2 

0 

51 

4 

Clarke 

GA 

34.0 

83.3 

5.0 

3 

52 

3 

Greenwood 

SC 

34.1 

82.2 

5.2 

3 

53 

8 

Charleston 

SC 

33.1 

79.6 

7.5 

2 

54 

3 

Dodge 

GA 

32.1 

83.2 

5.3 

2 

55 

2 

Clay 

FL 

30.0 

82.0 

6.1 

0 

56 

7 

Alachua 

FL 

29.7 

82.3 

7.8 

2 

57 

1 

Columbia 

FL 

30.2 

82.6 

7.7 

1 

58 

3 

Liberty 

FL 

30.3 

85.1 

5.5 

0 

59 

2 

Covington 

AL 

31.1 

86.6 

5.2 

2 

60 

6 

Harrison 

MS 

30.6 

89.0 

4.6 

4 

61 

3 

Amite 

MS 

31.2 

90.7 

4.1 

3 

62 

1 

Scott 

MS 

32.3 

89.2 

4.7 

1 

63 

9 

Union 

LA 

32.9 

92.2 

5.7 

1 

64 

2 

Jasper 

TX 

30.9 

94.0 

5.6 

0 

■'0. 
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Figure  I.  — The  range  of  black  cherry.  From  Little,  E.  L.,  Jr  Atlas  of  United  States  Trees.  U.S.  Department  of  Agriculture,  For- 
est Service,  Misc.  Publ.  No.  1146,  Vol.  1.  1971. 


RESULTS 

Seed  Weight 

The  sample  mean  weight  of  7.89  grams  per  100 
seeds  agrees  reasonably  well  with  the  value  of  8.45 
grams  per  100  seeds  Hsted  in  the  standard  reference, 
Seeds  of  Woody  Plants  in  the  United  States  (1974), 
but  is  much  closer  to  the  value  of  8.01  grams  per  100 
seeds  reported  by  Cech  and  Kitzmiller  (1968).  These 
lower  values  may  be  due  to  the  inclusion  of  many 
samples  from  outside  the  "commercial"  range  of 
black  cherry.  Mean  seed  weights  were  not  signifi- 
cantly different  between  years  of  collection. 

Figure  2  depicts  the  distribution  of  black  cherry 
seed  weights  as  generated  by  the  SYMAP  program. 
In  producing  the  map,  the  SYMAP  program  interpo- 
lates between  adjacent  data  points.  Each  data  point 


has  an  effect  that  is  inversely  proportional  to  the 
square  of  the  distance  between  it  and  any  adjacent 
data  point  values.  Class  intervals  were  one  gram  (e.g., 
7.5  to  8.4  were  the  lower  and  upper  Umits  for  the  8.0 
gram  class). 

The  map  clearly  illustrates  that  black  cherry  seed 
weight  increases  with  latitude.  A  distinct  "valley" 
appears,  but  there  are  no  obvious  peaks.  The  valley 
follows  the  Atlantic  Coastal  Plain  from  central  Geor- 
gia to  the  Chesapeake  Bay  area,  paralleling  the  east- 
ern slopes  of  the  Appalachian  Mountains.  Atlantic 
coastal  seed  origins  were  heavier  than  those  from  the 
interior  only  for  a  relatively  short  distance  inland. 
The  broad  Gulf  Coastal  Plain  shows  remarkably  uni- 
form seed  weights  over  most  of  its  area.  Seed  samples 
were  not  obtained  from  the  New  England  and  some  of 
the  Mid-Atlantic  regions,  so  these  areas  are  shown 
essentially  blank.  Despite  these  variations  and  anom- 


Figure  2.— Black  cherry  mean  seed  weights  (grams  per  100  seeds) 


alies,  the  clinal  trend  in  seed  weight  is  strong  and  sta- 
tistically significant  (r  =  0.78,  df  =  62). 

The  regression  of  seed  weight  on  percent  germina- 
tion revealed  a  significant  but  negative  correlation 
(r=  -0.35,  df  =  80).  In  general,  smaller  seeds  had  bet- 
ter germination.  Seed  weight,  however,  had  no  signifi- 
cant effect  on  first  year  height  growth  in  the  nursery 
(r  =  0.14,  df  =  80). 

There  appeared  to  be  a  strong  relationship  of 
increasing  seed  size  with  latitude.  Not  only  were 
seeds  larger,  but  the  endocarps  were  thicker  and  har- 
der to  crack  in  the  more  northerly  sources.  The  ker- 
nels were  also  larger  in  seeds  from  the  north  as  com- 
pared to  those  from  the  southern  part  of  the  r£mge. 
The  ratio  of  endocarp  weight  to  kernel  weight 
increased  with  latitude  (fig.  3).  Nearly  55  percent  of 
the  oven-dry  seed  weight  was  contained  in  the  endo- 
carp, but  this  varied  from  53.7  percent  for  southern 
sources  to  59.3  percent  for  northern  sources. 

The  160  seedlots  from  the  1979  collections,  for 
which  data  on  oven-dry  endocarp  and  kernel  weights 
were  obtained,  were  arbitrarily  subdivided  into  three 
nearly  equal  groups  based  on  latitude.  The  first  group 
was  designated  the  "Southern"  and  encompassed  lat- 
itudes 19.7  to  34.5  degrees  North,  "Central"  included 


Table  2.~Endocarp  and  kernel  weights  for  black   cherry  seeds 
grouped  by  latitude 


Group 

Midpoint 
latitude 

Endocarp         Kernel 
(E)                  (K) 

Ratio  E/K 

n 

gms/100  seeds 

Southern 

32.15 

2.5881a'         2.2330  a 

1.1591 

54 

Central 

36.25 

2.9198  b         2.3531a 

1.2408 

52 

Northern 

41.80 

4.4056  c         3.0277  b 

1.4551 

54 

'Mean  values  followed  by  the  same  letter  are  not  significantly  dif- 
ferent when  group  means  were  tested  against  Student's  t. 


latitudes  34.6  to  37.9  degrees  North,  "Northern" 
covered  latitudes  38.0  to  45.6  degrees  North.  Mean 
values  were  calculated  for  each  of  the  three  groups  as 
shown  in  Table  2. 

The  Southern  and  Central  groups  showed  greater 
variability  in  seed  weights  than  the  Northern  group. 
These  same  groups  also  showed  better  germination 
when  sown  in  the  nursery,  but  the  differences  were 
not  statistically  significant  when  the  endocarp-kernel 
ratio  (E/K)  was  subjected  to  correlation  analysis  with 
germination  (r  =  0.24,  df  =  39). 
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Figure  3.— Relationship  of  endocarp  to  kernel  weight  of  black  cherry  seed  with  latitude.  Plots  are  means 
of  Northern,  Central,  and  Southern  groups;  each  point  is  mean  of  >50  observations. 


Pearson  correlation  coefficients  were  computed  for 
seed  weights  on  12  climatic  variables  and  three  geo- 
graphic factors.  These  correlations  confirmed  the 
relationship  between  seed  weight  and  latitude.  As 
temperature  and  precipitation  decreased,  seed  weight 
increased.  Rainfall  during  the  summer  growing  sea- 
son had  no  significant  effect  on  seed  weight.  In  the 
100-day  period  after  the  last  spring  frost,  however, 
higher  rainfall  amounts  were  associated  with  greater 
seed  weights.  The  correlation  of  seed  weight  with 
longitude  was  nonsignificant. 

Seed  weight  was  only  weakly  correlated  with  eleva- 
tion. Sharik  and  Barnes  (1979)  found  that  patterns  of 
variation  associated  with  latitude  cannot  generally  be 
strengthened  by  adjusting  for  elevational  differences. 
They  used  a  factor  of  1.61°F  per  1000  feet  (0.3°C  per 
100  meters)  of  elevation  in  a  study  of  native  birches 
(Betula  spp.)  and  ran  comparisons  of  adjusted  correla- 
tions on  47  morphological  attributes.  Most  were  less 
correlated  when  latitude  was  adjusted  for  elevation. 


Germination 

Percent  germination  was  negatively  correlated 
with  latitude  of  seed  origin  (r= -0.19,  df=134). 
When  the  data  were  analyzed  by  latitudinal  groups 
(table  3),  the  Northern  group  showed  a  highly  signifi- 
cant correlation  between  percent  germination  and  lat- 
itude of  seed  origin  (r=  -0.55,  df  =  35),  whereas  the 
correlations  in  the  other  two  groups  were  non-signifi- 
cant. There  were  no  differences  in  means  between  lati- 
tudinal groups.  Thirty  seedlots  were  stored  for  1  year 
in  a  cold  room  at  3°  to  5°C.  When  germination  of 
these  seedlots  was  compared  between  years,  there 
was  an  overall  increase.  Not  all  seedlots  benefited 
from  storage;  22  showed  increases,  but  in  one 
instance,  germination  plummeted  from  61  percent  to 
zero  in  storage. 

Height 

Family  mean  heights  at  age  1  ranged  from  32.7  cm 
(Tucker  County,  West  Virginia)  to  94.5  cm  (Jones 
County,  North  Carolina)  with  a  mean  of  54.6  cm  for 
the  82  families  represented.  Local  seed  collections 
from  Oktibbeha  County,  Mississippi,  averaged  54.2 
cm  slightly  below  the  mean  height.  There  were  signifi- 
cant differences  among  family  mean  heights  in  the 
nursery  (table  4). 

According  to  Duncan's  new  multiple  range  test, 
six  famines  were  significantly  taller  than  all  the  oth- 
ers represented  in  the  study.  Five  of  these  six  were 
not  significantly  different  from  one  another,  but  the 
single  family  from  Jones  County,  North  Carolina,  was 
significantly  taller  than  all  the  other  families  in  the 
test.  Three  families  had  significantly  lower  height 
growth  in  the  first  year. 


Table  2.— Germination  percentage  groups  for  136  seedlots  of  strati- 
fied black  cherry 


Number  of  Seedlots 

Percent 

Northern 

Central 

Southern 

Total 

germination 

0.0 

6 

9 

7 

22 

1-10 

4 

2 

5 

11 

11-20 

3 

3 

2 

8 

21-30 

3 

1 

3 

7 

31-40 

1 

2' 

3 

6 

41-50 

5 

5 

7 

17 

51-60 

3 

2 

2 

7 

61-70 

3 

3 

6 

12 

71-80 

.    3 

4 

10 

17 

81-90 

6 

6 

5 

17 

91-100 

0 

8 

4 

12 

n  = 

37 

45 

54 

136 

'Germination  after  35  days  (1981). 


Table  4.~AN0VA  for  family  mean  heights  of  black  cherry  at  the 
end  of  the  first  growing  season 


Source 

df 

SS 

MS 

F 

Families 

Replications 

Error 

Total 

81 

5 

405 

491 

47.927 
14,351 
34,624 

96,902 

591.7 

2870.2 

85.5 

6.92 
33.57 

Meem  height  of  each  of  the  femiilies  was  not  corre- 
lated with  seed  weight  (r  =  0.10,  df  =  80).  Neither  was 
family  mean  height  statistically  correlated  with  lati- 
tude (r  =  0.25,  df  =  80). 

Family  means  were  pooled  for  each  of  the  seed 
sources  represented.  Correlations  of  source  mean 
height  on  latitude  were  non-significant  (r=  -0.19, 
df  =  33).  Less  than  4  percent  of  the  variation  in  height 
growth  c£in  be  explained  by  source  differences  in  lati- 
tude. 

Leaf  Length  and  Width 

Near  the  end  of  the  growing  season,  in  late  October 
1981,  leaf  samples  were  collected  from  each  tree  in  the 
nursery  test.  The  entire  leaf  nearest  the  point  15  cm 
below  the  terminal  portion  of  bud  of  the  seedling  was 
picked  from  the  tree.  All  the  leaves  from  a  single  fam- 
ily were  placed  in  a  labeled  zip-lock  plastic  bag.  A 
total  of  2,808  leaves  were  collected  and  measured  to 
the  nearest  millimeter  for  length  and  width,  an  aver- 
age of  34  leaves  for  each  of  the  82  families  in  the  test. 

When  family  mean  leaf  length-to-width  ratios  (1/w) 
were  compared  to  family  mean  heights  at  age  1,  the 
correlation  coefficient  was  nonsignificant  (r=  -0.11, 
df  =  80).  The  leaf  1/w,  however,  was  effective  in  sepa- 


Table  b.— Comparison  of  leaf  length,  width,  area,  and  height  for  82  half  sib  black  cherry  families 
grouped  by  latitude 


Mean  Leaf 

Ratio 

of 

length 

to  width 

Mean 
leaf 
area 

Mean 
ht 

Corr.  Coef. 
area  vs.  ht 

Group 

Length          Width 

n 

3.35 
2.92 
2.59 

mm' 
4211 
3867 
3799 

cm 
48.94 
56.65 
56.60 

r 

.59 
.26 
.69 

Northern 

Central 

Southern 

118.5              35.5 

108.1               37.2 

99.0              38.2 

19 
31 
32 

rating  black  cherry  into  latitudinal  groups  (table  5). 
The  1/w  for  southern,  central,  and  northern  groups 
were  significantly  different  from  one  another.  Longer 
and  narrower  leaves  were  found  more  frequently 
among  northern  sources. 

Mean  leaf  length  was  multiplied  by  meain  width  to 
derive  a  relative  leaf  area  for  each  family.  The  correla- 
tion for  family  mean  leaf  area  on  first  year  height  was 
low  but  still  significant  (r  =  0.31,  df  =  80).  Families 
with  larger  leaves  were  generally  tedler.  When  the 
correlation  was  based  on  seed  source  means,  relative 
leaf  area  accounted  for  about  34  percent  of  the  varia- 
tion in  first  year  height  (r  =  0.58,  df  =  33).  This  correla- 
tion also  held  up  well  when  families  were  grouped  by 
latitude  rather  than  by  sources.  As  a  group,  the 
southern  sources  showed  a  strong  and  statistically 
significant  correlation  between  leaf  area  and  height, 
as  did  the  northern  sources.  The  central  group  was 
considerably  more  variable  in  the  expression  of  this 
relationship,  and  the  correlation  was  not  significant. 
Tne  wide  differences  between  groups  may  possibly  be 
due  to  the  manner  in  which  the  groups  were  Eirranged 
by  latitude,  but  more  likely  it  is  the  result  of  evolu- 
tionary development  and  migration. 


DISCUSSION 

Of  the  136  seedlots  sown  in  the  greenhouse,  only 
82  produced  sufficient  seedlings  to  establish  nursery 
trials.  These  represented  35  geographic  origins.  Sev- 
eral seedlots  showed  no  germination.  Many  of  these 
originated  in  the  northern  collections.  The  abbrevi- 
ated frost-free  period  at  more  northerly  latitudes  may 
only  be  sufficient  for  seed  maturation.  An  after-rip- 
ening period  may  be  necessary  before  germination 
can  proceed,  since  seeds  normally  overwinter  in  the 
forest  duff  at  these  latitudes.  In  the  more  southerly 
latitudes,  seed  maturation  is  usually  completed 
within  the  first  half  of  the  growing  season  and  germi- 
nation is  therefore  possible  in  the  same  year  as  seed 
fall.  Whether  germination  actually  occurs  in  the  same 
year  as  seed  fall  has  not  been  determined. 

Damping-off  was  responsible  for  some  losses  in  the 
trays  sown  in  the  greenhouse.  One  seedlot  was  deci- 
mated by  this  soil  fungus.  Other  seedlots,  collected 


from  the  same  locality  and  placed  in  direct  physical 
contact  with  the  ravaged  seedlot,  suffered  no  losses 
to  damping-off.  Damage  was  usually  confined  to  a 
particular  seedlot  in  other  instances  as  well,  indicat- 
ing that  susceptibility  to  damping-off  may  be  a  varia- 
ble that  is  under  genetic  control. 

Since  nursery  seedling  height  was  not  related  to 
seed  weight,  sizing  of  black  cherry  seeds  v/ould  not 
appear  to  be  beneficial.  In  bulked  seedlots,  it  would 
lead  to  a  serious  reduction  of  the  genetic  base;  this 
problem  has  been  documented  in  conifers  (Silen  and 
Osterhaus  1979). 


BLACK  CHERRY 
SUBSPECIES/VARIETIES 

It  is  possible  that  a  few  samples  in  this  study 
might  include  Prunus  serotina  subsp.  hirsuta  (Ell.) 
McVaugh  (1951).  This  subspecies  is  listed  as  Prunus 
serotina  var.  alabamensis  (Mohr)  Little  in  Checklist  of 
United  States  Trees  by  E.  L.  Little,  Jr.  (1979). 
McVaugh's  description  of  the  subspecies  hirsuta  con- 
fines it  to  a  relatively  narrow  sinuous  band  running 
from  north-central  Alabama  north-eastward  into 
Georgia,  where  it  then  plunges  south  for  200  km  or 
more  before  turning  generally  eastward  continuing 
into  South  Carolina.  Samples  48,  49,  50.  and  54  were 
taken  within  or  very  close  to  the  range  of  hirsuta. 

A  scattered  population  with  similar  but  not 
exactly  typical  characteristics  of  subsp.  hirsuta  is 
found  in  southeastern  Alabama  and  adjacent  por- 
tions of  Georgia  and  Florida  (McVaugh  1951).  Sample 
points  58  and  59  were  located  within  this  area.  Type 
collections  made  in  1900  were  named  Prunus  aus- 
tralis  Beadle.  McVaugh  tentatively  includes  this  spe- 
cies type  within  subsp.  hirsuta  and  Little  considers 
australis  to  be  within  var.  alabamensis. 

McVaugh  used  the  ratio  of  leaf  length  to  width  to 
describe  differences  in  leaf  morphology  among  the 
various  subspecies  oi  Prunus  serotina.  Foliage  leaves, 
according  to  McVaugh,  were  mostly  4  cm  wide  by  9 
cm  long,  a  ratio  of  2.25  for  the  general  population. 
The  mean  1/w  of  the  populations  sampled  in  our  study 
was  2.88  and  family  means  ranged  from  2.19  to  3.84. 
The  subspecies  hirsuta  as  described  by  McVaugh  had 


1/w  varying  from  about  1.5  to  2.75,  the  majority  being 
less  than  2.0.  None  of  the  famiUes  studied  in  this 
report  had  1/w  less  than  2.0,  although  three  famihes 
originating  from  seed  collections  in  Clarke  County, 
Georgia,  which  lies  well  outside  the  present  subsp. 
hirsuta  range  described  by  McVaugh,  had  some  of  the 
smallest  1/w  ratios.  Mean  seed  weights  were  also 
lower  in  these  families  compared  to  sample  weights 
from  adjacent  collection  points.  Cech  and  Kitzmiller 
(1968)  felt  that  smaller  seeds  were  probably  asso- 
ciated with  var.  alabamensis  (i.e.,  subsp.  hirsuta)  in 
their  study. 

McVaugh  postulated  that  subsp.  hirsuta  origi- 
nated in  the  tropics  of  the  New  World  and  migrated 
as  far  north  as  the  southern  United  States,  and  subse- 
quently evolved  into  two  geographiceilly  distinct 
populations  (an  eastern  and  western).  Today,  these 
widely  separated  populations  retain  remarkably  simi- 
lar morphological  characteristics.  To  further  support 
his  hypothesis,  McVaugh  presented  evidence  that 
several  species  have  undergone  similar  migrations 
and  evolutionary  development.  In  relatively  recent 
geological  times,  Prunus  serotina  var.  serotina 
evolved  as  an  aggressive,  pioneering  tree  species 
invading  northward  throughout  the  eastern  United 
States  and  Canada.  This  ability  to  inhabit  new  areas 
would  indicate  that  differences  in  seed  size,  seed 
weight,  and  seedling  morphological  characteristics 
could  be  anticipated.  Indeed,  our  study  shows  that 
differences  in  seed  weight  and  leaf  size  do  exist,  lend- 
ing further  support  to  McVaugh's  hypothesis  and 
contributing  to  a  better  understanding  of  the 
expressed  racial  variation  evident  in  this  wide-rang- 
ing forest  tree  species. 
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Heavy  Mortality  and 
Succession  in  a  Virgin 
IVIixed  IVIesopliytic  Forest 


Charles  E.  McGee 


SUMMARY 

Recent  mortality  of  large  trees  in  a  virgin  mixed  mesophy tic  forest  provides 
insight  into  mortality  patterns  that  might  occur  in  wildernesses,  parks,  and 
other  protected  old-growth  areas.  During  an  8-year  period,  26  percent  of  the 
hickory  (Carya  spp.)  and  18  percent  of  the  white  oak  (Quercus  alba  L.)  and 
northern  red  oak  (Q.  rubra  L.)  over  17  inches  dbh  have  died  in  the  100-acre 
study  area.  The  age  of  the  dead  trees  ranged  from  90  to  375  years.  Dead  north- 
ern red  oak  averaged  135  years  old  while  white  oak,  chestnut  oak  (Q.  prinus  L.), 
and  hickory  averaged  about  210  years  old.  Cause  of  the  sudden  mortality  is 
uncertain  but  appears  to  be  a  combination  of  senescence,  drought,  insect 
attack,  and  blowdown.  Anticipated  successional  changes  include  a  marked 
increase  in  sugar  maple  (Acer  saccharum  Marsh.)  in  the  overstory  at  the 
expense  of  the  oaks,  particularly  northern  red.  Meanwhile,  the  hickories  may 
lose  importance  but  will  maintain  a  significant  position  in  the  overstory,  along 
with  yellow-poplar. 


Heavy  Mortality  and  Succession  in  a 
Virgin  Mixed  Mesophytic  Forest 

Charles  E.  McGee 


INTRODUCTION 

Millions  of  acres  of  forest  land  are  being  set  aside 
as  natural  areas,  parks,  or  wildernesses.  Little  is 
known  about  how  these  vast  forests  will  change  with 
time.  However,  one  often  hears  laymen  speak  of  set- 
ting aside  certain  forested  areas  so  that  they  may  be 
preserved  in  their  present  state  in  perpetuity.  While 
foresters  and  ecologists  know  that  preserved  areas 
will  undergo  continual  change,  they  have  generally 
assumed  that  changes  in  old-growth  forests  would  be 
gradual  and  subtle.  Observations  in  Dick  Cove  Natu- 
ral Area,  a  virgin,  old-growth  forest,  suggest  that 
changes  in  forest  composition,  structure,  and  appear- 
ance may  not  be  either  gradual  or  subtle.  Recent  sub- 
stantial mortality  among  the  larger  hickories  and 
oaks  is  changing  species  composition,  stand  struc- 
ture, and  aesthetic  values.  Many  researchers  have 
discussed  patterns  of  disturbance  and  the  live  vegeta- 
tion of  upland  hardwoods,  but  few  have  had  the 
opportunity  to  study  mortality  in  very  old  undis- 
turbed forests  (Lorimer  1980,  Muller  1982,  Runkle 
1981,  Runkle  1982).  Romme  and  Martin  (1983)  have 
examined  tree-fall  gap  dynamics  and  relate  tree  fall  to 
frequency  of  gaps,  season  of  tree  fall,  and  canopy 
turn-over  time.  The  purpose  of  this  paper  is  to  iden- 
tify the  species  and  age  of  recent  mortality,  to 
describe  changes  in  the  stand,  and  to  relate  mortality 
to  the  living  stand.  Hopefully,  this  information  on 
mortality  and  species  longevity  will  help  forest  man- 
agers and  planners  anticipate  what  might  happen  on 
other  protected  old-growth  forests. 


THE  STUDY  AREA 

Dick  Cove  Natural  Area  is  a  mixed  mesophytic 
forest  growing  on  the  western  slope  of  the  Cumber- 
land Plateau  in  Franklin  County,  Tennessee  (fig.  1). 
The  100-acre,  old-growth,  uncut  forest  is  the  property 
of  the  University  of  the  South  and  has  been  nomi- 
nated for  the  National  Registry  for  Natural  Land- 
marks and  for  the  Tennessee  Natural  Area  Registry. 


There  is  no  evidence  or  record  of  any  cutting  on  the 
area.  There  is  a  possibility  that  a  few  trees  may  have 
been  cut  prior  to  1900.  However,  any  logging  or  cut- 
ting that  occurred  would  have  been  very  limited  in 
scope. 

The  study  area  is  bisected  by  an  intermittent 
north-south  stream.  Several  other  streams  feed  into 
the  main  stream  or  disappear  into  sinkholes.  The  area 
is  characterized  by  two  main  landtypes.  These  land- 
types  have  been  identified  and  described  by  Smalley 
(1982).  The  upper  sandstone  slopes  and  benches  occur 
just  below  the  Plateau  escarpment  and  are  character- 
ized by  a  northerly  aspect  and  deep  to  very  deep  well- 
drained  loamy  soils  formed  from  sandstone,  siltstone, 
and  shale  (Landtype  16).  Much  of  the  surface  is  cov- 
ered with  sandstone  boulders.  Site  index  at  age  50  for 
this  landtype,  as  estimated  by  Smalley,  is  100  for  yel- 
low-poplar, 90  for  black  cherry,  white  ash,  and  black 
walnut,  80  for  northern  red  oak,  and  75  for  white  oak. 
Scientific  names  are  given  in  table  9.  About  60  per- 
cent of  Dick  Cove  is  in  this  landtype. 

The  lower  limestone  slopes,  benches,  and  spur 
ridges  are  characterized  by  moderately  deep  to  very 
deep,  well-drained,  loamy  and  clayey  soils  formed  in 
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Figure  l.—Uick  Cove  study  area  viewed  from  a  Cumberland  Pla- 
teau bluff. 
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limestone  residuum  and  some  coUuvium  from  sand- 
stone, siltstone,  and  shale  (Landtype  18).  Estimated 
site  index  at  age  50  for  this  type  is  85  for  yellow- 
poplar,  70  for  white  and  red  oaks,  and  60  for  southern 
red  oak.  About  30  percent  of  the  area  is  in  this  land- 
type.  The  remaining  10  percent  of  the  area  is  mostly 
on  south-facing  slopes  and  falls  in  other  landtypes. 

The  study  area  matches  the  description  of  a  mixed 
mesophytic  forest  (Braun  1950).  The  overstory 
includes  all  the  species  listed  by  Braun,  and  the  topo- 
graphical layout  of  the  area  is  very  similar  to  and 
within  2  miles  of  an  area  described  by  Braun  as  typi- 
cal for  cliff  sections  of  the  Cumberland  Plateau 
escarpment.  Sawtimber  volume  averages  more  than 
14,000  fbm  per  acre  across  the  100-acre  area. 

METHODS 

In  the  spring  of  1982,  a  general  cruise  of  the  study 
area  identified  the  species  and  diameters  of  all  living 
trees  5.0  inches  dbh  or  larger.  In  a  separate  cruise, 
every  tree  in  the  area  over  9.0  inches  dbh  that 
appeared  to  have  been  dead  8  years  or  less  was  exam- 
ined. The  following  data  were  recorded  for  dead  trees 
that  were  judged  to  have  been  dominant  or  co- 
dominant: 

1.  Species 

2.  Diameter  (breast  height) 

3.  Total  height  (estimated) 

4.  Date  of  mortality  (years  dead) 

5.  Cause  of  mortality  (blowdown,  insects,  drought, 
unknown,  etc.) 

6.  Basal  area  of  surrounding  trees  (prism  count) 

7.  Age  (visual  estimate— no  boring  or  cutting  at 
this  time— ring  counts  were  made  later) 

8.  Condition  of  tree  (standing,  broken,  down,  etc.) 
For  dead  trees  that  had  not  been  dominant  or  codomi- 
nant,  only  species  and  diameter  were  recorded. 

These  mortality  surveys  identified  446  dead  domi- 
nants or  codominants  and  241  dead  trees  that  were 
not  dominant  or  codominant.  Accurate  ring  counts 
were  taken  on  186  of  the  446  dead  dominants  and 
codominants  by  increment  boring  or  cutting  a  section 
at  the  base  of  a  down  tree.  Many  additional  borings 
and  cuttings  were  attempted,  but  due  to  rotten  bole 
centers  and  other  reasons,  the  ages  were  not  consid- 
ered accurate  and  are  not  included.  Diameter  growth 
for  10  and  20  years  prior  to  mortality  was  also  mea- 
sured. 

The  time  of  mortality  was  estimated  by  the  sam- 
pling crew  using  a  set  of  criteria  developed  from  the 
condition  of  a  sample  of  nearby  dead  trees  that  had 
been  dead  for  known  periods  of  time.  It  is  likely  that 
there  is  substantial  error  in  the  estimates  of  time  of 
death  for  trees  dead  more  than  3  or  4  years.  However, 
most  of  the  mortality  has  occurred  within  the  last  3 
years,  so  estimates  of  time  of  death  are  considered 
reliable. 


Rainfall  and  temperature  measurements  referred 
to  later  were  recorded  at  a  weather  station  3  miles 
from  Dick  Cove. 


RESULTS 


The  Living  Stand 


In  June  1982,  the  study  area  contained  7,777  live 
trees  5.0  inches  dbh  or  larger  (table  1).  The  stand  thus 
contains  about  78  trees  per  acre,  of  which  25  are  in 
the  18-inch  dbh  or  larger  size  class,  32  are  10  to  16 
inches  dbh,  and  21  are  6  to  8  inches  dbh.  About  25 
percent  of  all  live  trees  in  the  larger  size  class  are 
northern  red  oak,  making  it  the  principal  species  in 
this  class.  The  remaining  75  percent  of  the  trees  in  the 
18-inch  dbh  class  and  larger  includes  shagbark  hick- 
ory, bitternut  hickory,  pignut  hickory,  chestnut  oak, 
white  oak,  yellow-poplar,  sugar  maple,  and  11  other 
species.  Sugar  maple  and  the  hickories  are  the  most 
important  trees  in  the  10-  to  16-inch  dbh  class,  mak- 
ing up  40  percent  of  the  stems  in  this  class.  Twenty- 
six  species  make  up  the  remaining  60  percent  of  the 
trees  in  this  category.  Sugar  maple  is  the  most 
numerous  tree  in  the  6-  to  8-inch  dbh  category, 
accounting  for  one-third  of  all  stems  in  this  group. 
The  scarcity  of  northern  red  oak,  white  oak,  and 
greatly  reduced  numbers  of  chestnut  oak  in  the 
smaller  size  classes,  suggests  that  the  future  oak 
component  of  this  stand  will  be  altered  substantially. 
Based  on  current  stand  tables,  it  appears  that  the 
shift  in  species  will  heavily  favor  sugar  maple,  with 
the  number  of  dominant  hickories  and  yellow-poplar 
also  increasing. 

Many  of  the  living  trees  in  the  18-inch  dbh  and 
larger  size  classes  are  not  vigorous;  several  hundred 
are  likely  to  die  soon. 

Current  Mortality 

The  surveys  in  1982  found  687  dead  trees  that 
were  larger  than  9.0  inches  dbh;  446  of  these  had  been 
dominant  or  codominant  and  241  were  intermediate 
(tables  2  and  3).  Northern  red  oak,  shagbark  hickory, 
bitternut  hickory,  white  oak,  and  chestnut  oak  made 
up  most  of  the  mortality  in  dominant  trees  (fig.  2). 
These  species  plus  black  locust  also  include  most  of 
the  mortality  among  the  intermediates.  The  distribu- 
tion of  mortality  by  size  class  is  surprising.  One 
would  generally  expect  mortality  at  any  given  time  in 
an  undisturbed  stand  to  be  greater  among  smaller 
trees.  While  distribution  of  the  living  stand  generally 
fits  the  reverse  J-shape  curve  that  might  be  expected 
in  old,  undisturbed  stands,  the  distribution  of  mortal- 
ity is  weighted  heavily  in  favor  of  the  larger  trees.  It 
is  relevant  that  at  the  time  of  the  survey  547  of  the 
687  dead  trees  were  standing. 


Table  1 . — Living  trees  in  100-acre  Dick  Cove  study  area  as  of  June  1982,  by  species  and  diameter  class 


Diameter 

Species' 

Relative 

class 

NRO 

WO 

CO 

BO 

WA 

SM 

YP 

HlC 

BaW 

Others' 

Total 

density 

6 

15 

49 

97 

38 

372 

113 

127 

48 

195 

1054 

13.6 

8 

39 

46 

109 

47 

362 

79 

149 

41 

165 

1037 

13.3 

10 

45 

43 

96 

3 

40 

257 

72 

146 

33 

102 

837 

10.8 

12 

86 

57 

114 

9 

38 

225 

57 

218 

31 

127 

962 

12.4 

14 

88 

55 

92 

6 

34 

158 

45 

153 

29 

118 

778 

10.0 

16 

84 

59 

96 

8 

26 

81 

43 

149 

25 

83 

654 

8.4 

18 

134 

51 

73 

8 

30 

85 

46 

106 

25 

83 

641 

8.2 

20 

125 

30 

63 

4 

30 

54 

30 

109 

30 

69 

544 

7.0 

22 

114 

37 

50 

3 

19 

25 

31 

63 

17 

41 

400 

5.2 

24 

81 

28 

27 

1 

14 

13 

29 

40 

16 

34 

283 

3.6 

26 

62 

27 

16 

7 

6 

18 

17 

4 

16 

173 

2.2 

28 

42 

15 

12 

1 

8 

7 

23 

16 

8 

7 

139 

1.8 

30 

25 

14 

14 

7 

3 

10 

12 

3 

15 

103 

1.3 

32 

19 

16 

12 

1 

3 

2 

8 

9 

2 

7 

79 

1.0 

34 

5 

6 

9 

3 

9 

1 

2 

2 

37 

0.5 

36 

7 

8 

4 

2 

6 

1 

1 

4 

33 

0.4 

38 

2 

2 

3 

1 

1 

9 

0.1 

40  + 

3 

4 

3 

2 

2 

14 

0.2 

Total 

976 

547 

890 

44 

346 

1650 

622 

1317 

315 

1070 

7777 

Relative 

12.6 

7.0 

11.4 

0.6 

4.4 

21.2 

8.0 

16.9 

4.1 

13.8 

Density 

'   Diameters  (dbh)  are  in  2-inch  classes;  6-inch  diameter  includes  5.0  to  6.9  inches,  etc. 
'  Species  identification  and  scientific  names  are  given  in  table  9. 

'  Others  includes  blackgum,  buckeye,  cucumber,  chinkapin  oak,  black  walnut,  black  cherry,  black  locust,  redbud, 
sassafras,  red  maple,  dogwood,  sourwood,  ironwood,  beech,  persimmon,  and  yellowwood. 

Table  2. — Tree  mortality  by  species  and  crown  class 


Species' 

NRO 

WO 

CO 

Other 

SB 

BG 

CU 

YP 

ELM     BW 

BYE 

BaW 

WA 

BL 

SM 

BO 

CPO 

Total 

Crown  class 

HlC 

HIC 

Number- 

Dominant  and 

codominant 

trees 

141 

52 

27 

101 

52 

8 

1 

5 

Id          3 

6 

9 

6 

7 

5 

1 

3 

446 

Other  trees 

46 

15 

15 

90 

1 

1 

2 

6 

12 

6 

8 

32 

6 

1 

241 

Total  dead 

trees 

187 

67 

42 

191 

52 

9 

2 

7 

19          9 

18 

15 

14 

39 

11 

1 

4 

687 

Species  identification  and  scientific  names  are  given  in  table  9. 


Mortality  in  Relation  to  the  Living  Stand 


The  total  population  of  trees  9  inches  dbh  and 
larger  on  the  100-acre  study  area  is  6,373.  Of  these, 
10.8  percent  are  dead  (table  4).  Since  the  mortality 
has  occurred  during  the  past  8  years,  the  loss  of  10.8 
percent  of  the  stand,  while  high,  might  not  be  a  cause 
of  concern.  However,  when  mortality  is  studied  by 
species  and  size  class,  and  when  it  is  noted  that  most 
mortality  occurred  in  the  last  3  years  (table  5),  the 
developments  in  this  stand  become  of  considerable 
interest. 

Fifteen  percent  of  the  trees  18  inches  dbh  or  larger 
and  23  percent  of  those  30  inches  or  larger  have  died. 


These  values  far  exceed  the  6  percent  overstory  mor- 
tality suggested  by  Lorimer  (1980)  as  a  long-range  10- 
year  mortality  average  under  steady  state  conditions. 
In  the  18-inch  or  larger  class,  26  percent  of  the  hick- 
ory, 19  percent  of  the  white  oak,  and  17  percent  of  the 
northern  red  oak  have  died.  On  the  other  hand,  only  2 
to  5  percent  of  the  sugar  maple,  yellow-poplar,  and 
white  ash  larger  than  18  inches  dbh  have  died.  Such 
heavy  selective  mortality  among  the  dominant  and 
codominant  trees  will  change  the  composition  and 
structure  of  the  future  stand. 

Only  7.3  percent  of  the  trees  in  the  10-  to  16-inch 
dbh  size  class  have  died.  However,  over  half  of  the 
dead  trees  in  this  size  class  are  hickory  or  northern 
red  oak. 


Table  3.—  F't-t:-  mortah'tx  by  diameter  and  croun  class 


Dominant  or 

Total 

Dbh 

codominant 

Other 

mortality 

inches 

9 

.... 

5 

5 

10 

11 

11 

11 

29 

29 

12 

1 

49 

50 

13 

••> 

21 

23 

14 

3 

17 

20 

15 

4 

33 

37 

16 

12 

31 

43 

i: 

17 

IS 

35 

IS 

.1.1 

12 

34 

19 

30 

6 

36 

20 

29 

3 

32 

21 

24 

1 

25 

•■>•■) 

35 

1 

36 

23 

33 

4 

37 

24 

39 



39 

25 

29 



29 

26 

32 

32 

o~ 

26 

26 

2S 

15 

15 

29 

13 

13 

30 

10 

..,. 

10 

31 

S 

.... 

8 

32 

10 

10 

33 

4 



4 

34 

19 

.... 

19 

35 

9 

9 

36 

9 

9 

37 

4 

.... 

4 

3S 

2 

2 

39 

1 

.... 

1 

40 

2 

2 

42 

.-) 

2 

Total 

446 

241 

6S7 

Other  includes  mostly  intermediate  trees  not  classed  as  domi- 
nant or  codominant. 


Mortality  by  Tree  Age 

Relatively  accurate  age  counts  were  available  from 
1S6  of  the  446  dominant  and  codominant  dead  trees 
(table  51  (fig.  3i.  Average  ages  of  the  dead  trees  varied 
substantially  by  species.  Northern  red  oak  died  at  a 
much  younger  age  than  the  other  species.  The  age  of 
northern  red  oak  at  mortality  ranged  from  SO  to  240 
years  and  averaged  135.  The  average  age  at  the  time 
of  mortaHty  was  fairly  uniform  for  the  other  species, 
ranging  from  172  years  for  white  ash  to  210  for  chest- 
nut oak.  The  oldest  dead  tree  is  a  hickory:  375  years 
old.  While  northern  red  oak  died  younger  than  some 
other  species,  it  can  grow  quite  large,  as  the  largest 
diameter  dead  tree  is  a  42-inch  northern  red  oak  (table 
61. 

Mortality  and  Stand  Density 

The  average  basal  area  for  the  entire  study  area  is 
about  100  square  feet  per  acre.  According  to  prism 
counts,  the  basal  area  around  186  of  the  dead  domi- 


nant or  codominant  trees  also  averaged  100  square 
feet  per  acre,  but  ranged  from  40  to  170  square  feet 
per  acre.  It  was  concluded  that  there  was  no  obvious 
linkage  between  stand  density  and  mortality  of  the 
larger  trees  (table  5). 

Mortality  and  Radial  Growth 

Radial  growth  measurements  on  161  of  the  dead 
trees  suggest  that  growth  rates  may  ha\"e  been 
decreasing  prior  to  mortality  (table  7)  (fig.  3).  .Average 
radial  growth  on  66  northern  red  oak  was  substan- 
tially less  in  the  final  10  years  than  in  the  preceding 
10  years  (based  on  a  t-test.  growth  differences 
exceeded  the  level  needed  to  reject  the  null  hypothe- 
sis that  there  were  no  differences).  Growth  rates  of 
white  oak  and  hickory  were  only  slightly  reduced  in 
the  period  just  prior  to  mortality. 

Causes  of  Mortality 

The  actual  cause  of  mortality  for  any  specific  tree 
in  this  study  is  open  to  question.  However,  the  possi- 
ble effect  of  age.  climate,  defoliation  by  insects,  and 
blowdown  merit  comment.  The  concentration  of  mor- 
tality observed  in  Dick  Cove  might  be  the  result  of 
interaction  of  these  causes,  any  one  of  which,  operat- 
ing singly,  probably  would  not  have  caused  wide- 
spread mortality. 

Age  must  be  considered  a  possible  cause  of  mortal- 
ity. \\'hile  the  upper  limit  of  tree  species  longe^"ity  is 
not  well  documented,  many  of  the  older  dead  trees  in 
this  stand  are  well  beyond  the  average  ages  normally 
encountered.  .A.s  trees  approach  large  sizes  with 
increased  amounts  of  dead  wood,  it  is  likely  that  they 
become  more  susceptible  to  damaging  agents  that 
earlier  in  the  tree's  life  would  have  caused  onlv  a  loss 


Figure  2.— E- 


-'ing  in  Dick  Cove. 


Table  4.— Tree  mortality  in  relation  to  total  population  by  dbh  size  class 


Species' 


Live  trees 

18  inches 

dbh' 


Dead  treees 

18  inches 

dbh^ 


Mortality 

18  inches 

dbh^ 


Live  trees 

10-  16  inches 

dbh' 


Dead  trees 

10  -  16  inches 

dbh' 


Mortality 

10-16  inches 

dbh' 


Total 
population 


Total 
mortality 


NRO 

619 

WO 

238 

CO 

286 

BO 

18 

WA 

123 

SM 

195 

YP 

213 

HIC 

375 

Other 

388 

Total 

2455 

Average 

number 


percent 

130 

17.4 

303 

55 

18.8 

214 

30 

9.5 

398 

1 

5.3 

26 

6 

4.6 

138 

4 

2.0. 

721 

6 

2.7 

217 

135 

26.5 

666 

66 

14.5 

548 

number 


percent 

57 

15.8 

12 

5.3 

12 

2.9 

8 

5.5 

7 

1.0 

1 

0.5 

108 

14.0 

49 

8.2 

number 

1109 

519 

726 

45 

275 

927- 

437 

1284 

1051 


433 


3231 


254 


6373 


15.0 


7.3 


percent 

16.9 

12.9 

5.8 

2.2 

5.1 

1.2 

1.6 

18.9 

10.9 


10.8 


Species  identification  and  scientific  names  are  given  in  table  9. 
18  inch  size  class  includes  trees  17.0  inches  dbh  and  greater. 
10  -  16  inch  size  class  includes  9.0  -  16.9  inches  dbh. 


Table  5.— Dominant  and  codominant  tree  mortality  by  species,  size,  age,  and  stand  density' 


Dead 
trees 

Age 

Dbh 

Basal 

area 

Years  dead 

Species 

Range         Average 

Range 

Average 

Range 

Average 

average 

number 
68 

iches 

•feet 

98 

number 
2 

Northern  red  oak 

80-210 

135 

19-42 

28 

60-140 

Chinkapin  oak 

2 

150-200 

175 

16-24 

20 

70-    90 

80 

3 

White  oak 

24 

150-320 

205 

18-38 

26 

70-120 

100 

3 

Chestnut  oak 

17 

125-340 

210 

18-35 

29 

70-  140 

96 

2 

Hickories 

53 

100-375 

208 

12-36 

22 

40-170 

98 

2 

Shagbark  hickory 

20 

110-275 

188 

13-30 

21 

50-140 

100 

2 

White  ash 

2 

155-190 

172 

19-24 

22 

100-120 

110 

2 

'  This  table  includes  only  those  trees  for  which  ages  could  be  accurately  determined. 


Table  6.— Largest  dead  trees  by  species' 


Species 


Dbh 


Northern  red  OEik 
Chestnut  oak 
Hickories 
Basswood 
White  Ocik 
Shagbark  hickory 
Yellow-poplar 
Yellow  buckeye 
Elm 

White  ash 
Chinkapin  oak 
Blackgum 
Cucumbertree 
Sugar  maple 
Black  locust 
Black  walnut 
Black  oak 


inches 
42 
40 
40 
39 
38 
37 
35 
34 
34 
34 
30 
28 
28 
26 
25 
22 
21 


Diameters  shown  here  may  differ  from  diameter  ranges  in  table 
5.  Table  5  provides  diameter  ranges  only  for  those  trees  that 
could  be  aged  accurately. 


Table  1  .—Radial  growth  of  trees.  20  years  prior  to  mortality 


Species 

Dead 

Growth  by  10-year  periods 

trees 

Final                    Preceding 

number 

'- inches/tree 

Northern  red  oak 

66 

0.62                          0.79 

White  oak 

23 

0.48                          0.54 

Hickory 

72 

0.37                          0.44 

in  growth.  However,  since  the  range  in  ages  of  dead 
trees  is  quite  broad,  age  is  not  likely  the  only  cause  of 
mortality. 

Weather  conditions  over  the  past  decade  are  also 
likely  causes  of  mortality.  Rainfall  in  3  out  of  the  4 
years  preceding  the  mortality  survey  had  been  below 
average  (table  8).  In  particular,  1978  was  a  very 
stressful  year  for  all  vegetation  in  the  area  and  was 
extremely  damaging  to  trees.  Toteil  rainfall  was  18 
inches  below  the  61 -inch,  25-year  average.  Only  12 
inches,  or  about  half  the  long-term  average,  fell  from 
June  through  October,  and  no  rain  fell  from  August 
17  to  September  14.  This  drought,  coupled  with  tem- 
peratures 1°  to  3°  F  above  normal,  created  a  stressful 
period  that  could  cause  mortality. 

Defohating  insects  attacked  oaks,  hickories,  and 
other  hardwoods  at  nearly  epidemic  proportions  in 
1979  and  1980  in  the  vicinity  of  the  study  area.  How- 
ever, the  intensity  of  the  insect  attack  in  Dick  Cove 
was  not  monitored.  It  is  the  general  opinion  of  work- 
ers in  the  area  that  many  trees  in  Dick  Cove  were 
infested  with  the  insects  and  their  presence  could 
have  contributed  to  mortality.  Insects  known  to  have 
been  active  in  the  area  included:  the  spring  canker- 
worm  (Paleacrita  vernata  (Peck)),  linden  looper  (Eran- 
nis  tiliaria  Harr.),  and  the  half-winged  geometer  (Phi- 
galia  titea  Cram.). 

Blowdown  also  caused  some  mortality.  Approxi- 
mately 75  hve  trees  were  uprooted  and  65  dead  trees 


fell  over  during  the  last  8  years.  Some  workers 
(Romme  and  Martin  1983)  suggest  that  blowdown  is 
a  major  cause  of  mortality  in  old-growth  forests.  In 
this  case,  blowdown  is  an  important  factor  but  is  cer- 
tainly not  the  prime  cause  of  mortality. 


Table  9,.— Precipitation  near  Dick  Cove  1972  - 1981 


Precipitation 


Year 

Mar.  - 

June- 

Sept.  - 

Growing  season 

May 

Aug. 

Oct. 

(Ml 

ar.  -  Aug.) 

Total 

1972 

18 

16 

14 

34 

75 

1973 

23 

15 

9 

38 

79 

1974 

18 

14 

5 

32 

71 

1975 

25 

14 

23 

39 

83 

1976 

14 

12 

11 

26 

51 

1977 

23 

12 

16 

35 

76 

1978 

13 

9 

3 

22 

43 

1979 

23 

15 

11 

38 

70 

1980 

22 

10 

7 

32 

54 

1981 

12 

13 

8 

25 

48 

24-Year  Avg. 

18 

14 

9 

33 

61 

DISCUSSION 

Mortality  in  upland  hardwood  forests  is  a  normal 
occurrence.  Many  thousands  of  seedlings  germinate 
that  never  live  to  become  saplings.  Likewise,  numer- 
ous saplings  and  pole-sized  trees  are  crowded  out  and 
die.  Large  established  trees  will  also  die,  but  their 
death  has  been  assumed  to  be  of  an  occasional  nature 
and  dispersed  over  time  and  space  (Runkle  1981, 
1982).  Thus,  it  is  noteworthy  when  substantial  mor- 
tality occurs  in  large  trees  within  a  relatively  brief 
time  span  in  an  undisturbed  upland  forest. 

Eleven  percent  of  all  the  overstory  trees  on  the 
Dick  Cove  area  died  during  the  past  8  years,  but  most 


Figure  3.— Sections  of  a  166-year-old  northern  red  oak.  a  243-year-old  white  oak  and  a  238-year-old  pignut  hickory. 


of  the  dominant  and  codominEint  trees  had  been  dead 
less  than  3  years  (table  5).  Whether  this  concentrated 
mortality  is  a  normal  occurrence  that  can  be  antici- 
pated in  old-growth  forests  or  was  triggered  by  a 
unique  combination  of  factors  is  not  known.  How- 
ever, it  is  a  safe  speculation  that  as  trees  age  they 
tend  to  become  more  likely  to  be  killed  by  antagonis- 
tic factors.  Thus,  as  large  groups  of  trees  increase  in 
size  and  age,  it  is  likely  that  they  will  be  increasingly 
subject  to  heavy  mortality  when  stress  occurs. 

Stand  structure  of  the  living  trees  in  this  study  fits 
a  J-shaped  curve  that  is  usually  anticipated  in  all- 
aged,  unmanaged  forests  (fig.  4).  Large  numbers  of 
trees  are  present  in  the  smaller  diameter  classes  and 
their  numbers  decrease  exponentially  as  diameters 
increase.  However,  the  distribution  of  mortality  does 
not  fit  the  curve  for  the  living  stand.  Relatively  few  of 
the  9-,  10-,  and  11 -inch  trees  have  died,  creating  a 
somewhat  bell-shaped  curve  for  mortality.  However, 
numbers  alone  do  not  describe  what  is  happening  to 
the  stand. 

The  species  composition  Euid  stand  structure  of  the 
surviving  stand  indicate  that  the  entire  stand  is 


undergoing  a  substantial  change.  The  current  mortal- 
ity appears  to  be  accelerating  a  change  from  a  pre- 
dominantly oak  and  hickory  forest  to  one  heavily 
populated  with  sugar  maple  and  yellow-poplar.  The 
predominant  species  in  the  overstory  has  been  north- 
ern red  oak.  However,  17  percent  mortality  of  over- 
story  trees  coupled  with  relatively  few  replacement 
trees  in  the  smaller  size  classes  suggests  that  north- 
ern red  oak  will  not  be  predominant  much  longer. 

The  hickory  group  (shagbark,  pignut,  and  bitter- 
nut)  has  been  a  major  group  in  the  overstory,  second 
only  to  northern  red  oak  in  importeince.  Even  with  27 
percent  mort£ility  in  large  hickory  trees,  the  presence 
of  mciny  smaller  overstory  trees  and  numerous  pole- 
sized  trees  suggests  that  the  hickory  group  will  con- 
tinue for  some  time  as  an  important  group.  Chestnut 
oak  has  had  about  10  percent  mortality  in  the  over- 
story, but  with  the  substantial  number  of  smaller 
overstory  trees  and  poles  it  can  increase  in  impor- 
tance as  an  overstory  tree.  White  oak,  with  19  percent 
mortality  in  large  overstory  trees  and  relatively  fewer 
small  overstory  trees  and  poles,  will  lose  importance 
in  the  years  to  come.  YeUow-poplar  has  broad  distri- 


Table  9.— Scientific  names  and  abbreviations 


Common 

Scientific 

Table 

names 

names 

abbreviation 

Ash,  white 

Fraxinus  americana  L. 

WA 

Basswood,  white 

Tilia  heterophylla  Vent. 

BaW 

Beech 

Fagus  grandifolia  Ehrh. 

Blackgum 

Nyssa  sylvatica  Marsh. 

BG 

Buckeye 

Aesculus  octandra  Marsh. 

BYE 

Cherry,  black 

Prunus  serotina  Ehrh. 

Cumcumbertree 

Magnolia  acuminata  L. 

CU 

Dogwood 

Cornus  florida  L. 

Elm 

Ulmus  americana  L. 

ELM 

Hickory 

Carya  spp. 

HIC 

Bitternut 

C.  cordiformis  (Wangenh.)  K.  Koch 

Pignut 

C  glabra  (Mill.)  Sweet 

Shagbark 

C.owata  (Mill.)  K.Koch 

SBHIC 

Iron  wood 

Ostrya  virginiana  (Mill.)  K.  Koch 

Locust,  black 

Robinia pseudoacacia  L. 

BL 

Maple 

Acer  spp. 

Red 

A.  rubrum  L. 

Sugar 

A.  saccharum  Marsh. 

SM 

Oak 

Quercus  spp. 

Black 

Q.  velutina  Lam. 

BO 

Chestnut 

Q.  prinus  L. 

CO 

Chinkapin 

Q.  muehlenbergii  Engelm. 

CPO 

Northern  red 

Q.  rubra  L. 

NRO 

Southern  red 

Q.  falcata  Michx. 

White 

Q.  alba  L. 

WO 

Persimmon 

Diospyros  virginiana  L. 

Redbud 

Cercis  canadensis  L. 

Sassafras 

Sassafras  albidum  (Nutt.)  Nees 

Sourwood 

Oxydendrum  arboreum  (L)  DC 

Walnut,  black 

Juglans  nigra  L. 

BW 

Yellow-poplar 

Liriodendron  tulipifera  L. 

YP 

Yellowwood 

Cladrastis  kentukea  (Dum.-Cours.)  Rudd 

NUMBER  OF  LIVE    TREES  ON  100- ACRE   STUDY  AREA 


NUMBER  OF  DEAD    TREES   ON   lOO-ACRE    STUDY  AREA 


Figure  4.— Distribution  of  living  trees  (A)  and  dead  trees  (B)  by 
diameter  class. 


bution  in  all  size  classes.  Very  limited  mortality  plus 
similar  numbers  of  trees  in  large  overstory,  small 
overstory,  and  pole-sized  trees  suggests  that  yellow- 
poplar  will  at  least  maintain  its  current  stand  posi- 
tion and  could  improve  substantially.  Sugar  maple 
will  probably  be  the  most  important  species  in  the 
future.  Insignificant  mortality  of  sugar  maple  in  the 
large  overstory  and  its  predominance  among  the 
potential  replacement  trees  in  the  smaller  size  classes 
suggest  that  sugar  maple  will  replace  northern  red 
oak  as  the  predominant  species.  Among  the  species 
grouped  in  the  "other"  category,  elm  merits  special 
mention.  Over  63  percent  of  the  relatively  small 
number  of  large  elm  in  the  overstory  have  died.  How- 
ever, there  are  enough  smaller  elms  to  at  least  main- 
tain a  position  in  the  stand. 

Perhaps  the  most  interesting  observation  relative 
to  the  changes  in  species  importance  is  that  two  spe- 
cies that  appear  to  have  an  important  future  in  the 


stand  are  ecologically  different.  Sugar  maple,  a  shade- 
tolerant  and  slow-growing  tree,  is  quite  a  contrast  to 
yellow-poplar,  an  intolerant  but  fast- growing  tree.  It 
is  quite  Hkely  that  while  the  two  species  are  growing 
in  the  same  general  area,  they  regenerated  under  dif- 
ferent conditions. 

The  age  of  the  dominant  and  codominant  trees  that 
have  died  may  provide  considerable  insight  as  to  how 
other  old  stands  may  react  to  stress  in  the  future.  The 
relatively  young  age  at  which  the  northern  red  oak 
mortality  begins,  plus  the  species'  apparent  inability 
to  estabUsh  itself  in  the  understory,  suggests  that  the 
species  may  become  a  limited  occupant  of  mixed 
mesophytic  old-growth  forests.  The  oldest  dead  tree 
in  the  study  was  a  375-year-old  hickory.  However, 
many  younger  hickories  also  died.  In  view  of  the  wide 
range  of  ages  at  which  mortality  occurs,  it  can  be  rea- 
sonably assumed  that  £dl  of  the  mortality  was  not 
related  to  physiological  senescence. 

The  most  important  question  about  the  wide- 
spread mortality  in  Dick  Cove  is:  why  has  the  mortal- 
ity occurred?  Unfortunately,  there  is  no  way  to  deter- 
mine with  certainty  why  any  one  of  the  687  trees  died 
except  for  those  few  that  were  blown  over.  It  is 
almost  a  certainty  that  old  age,  the  summer  drought 
in  1978,  above-average  temperatures,  and  defoliating 
insects  contributed  to  the  death  of  the  trees.  One 
might  assume  that  this  particular  stand  enjoyed  very 
good  growing  conditions  during  previous  decades, 
thus  allowing  trees  that  might  have  died  in  earher 
stress  periods  to  continue  to  live  and  grow  very  large. 
Thus,  when  a  combination  of  stress-causing  forces 
did  finally  occur,  many  trees  died  at  about  the  same 
time. 

The  frequency  of  such  a  pattern  should  be  of  con- 
siderable interest  to  managers  of  parks  and  wilder- 
nesses where  trees  will  be  allowed  to  develop  and 
undergo  mortality  independent  of  man's  actions. 
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Common  Herbaceous  Plants  of 
Southern  Forest  Range 


Harold  E.  Grelen  and  Ralph  H.  Hughes 


INTRODUCTION 


This  handbook  describes  and  illustrates  selected 
grasses,  grasslike  plants,  and  forbs  found  on  pine  or 
pine-hardwood  sites  from  east  Texas  to  Virginia. 
Some,  like  Uttle  bluestem,  Schizachyrium  scoparium, 
are  valuable  forage  plants  Southwide.  Others,  such  as 
Nuttall  wildindigo,  Baptisia  nuttalliana,  are  worth- 
less weeds. 

An  earlier  publication,  "Common  Plants  of  Long- 
leaf  Pine-Bluestem  Range,"  (Grelen  and  Duvall  1966), 
dealt  with  plants  common  to  the  longleaf-slash  pine- 
bluestem  range  type  from  east  Texas  to  south  Ala- 
bama and  the  northern  part  of  the  Florida  panhandle. 
In  addition  to  the  herbaceous  plants  from  the  pre- 
vious publication,  this  book  includes  plants  from  the 
longleaf-slash  pine-wiregrass  type  of  Florida,  south 
Georgia,  and  the  Carolinas  and  the  southwide  lob- 
lolly-shortleaf  pine-hardwood  type  (see  map).  Many 
plants  are  found  in  all  three  types.  Range  types  coin- 
cide with  timber  types  (USD A  1969)  except  that  the 
longleaf-slash  pine  forest  type  is  divided  into  the 
longleaf-slash  pine-bluestem  and  the  longleaf-slash 
pine-wiregrass  range  types.  Resources  of  the  range 
types  included  in  this  publication,  as  well  as  others 
indicated  on  the  type  maps,  are  discussed  in  "Range 
Resources  of  the  South"  (Southern  Section  SRM 
t  1974).  Woody  plants  were  omitted  from  this  revision 


because  there  are  now  several  books  illustrating  and 
describing  southern  trees,  shrubs,  and  woody  vines, 
including  the  wildlife  food  values  of  such  plants  (Dean 
1968,  Halls  1977,  Halls  and  Ripley  1961,  Oefinger 
and  Halls  1974). 

Plants  are  described  in  general  terms  with  clues  for 
identification  and  separation  from  a  closely  related 
plant  or  one  with  similar  appearance,  where  appropri- 
ate. Forage  value  for  livestock  and  wildlife,  a  techni- 
cal description,  and  geographic  range  are  also  given. 

Plant  nomenclature  generally  follows  that  of  the 
"National  List  of  Scientific  Plant  Names"  (USDA 
1982).  Common  names  were  gleaned  from  checklists 
or  other  publications  (Wolff  1954;  Gould  1969;  Hil- 
mon  1964;  Leithead,  Yarlett,  and  Shiflet  1971). 
"Standardized  Plant  Names"  (Kelsey  and  Dayton 
1942)  was  also  consulted,  and  at  least  one  name  was 
coined  by  the  authors. 

Scientific  names  following  the  title  of  each  plant 
description  are  those  indicated  as  preferred  in  the 
"National  List  of  Scientific  Plant  Names."  Names  in 
parenthesis  following  the  preferred  name  may  be 
more  familiar  and  most  are  valid  synonyms.  Pre- 
ferred scientific  names  elsewhere  in  the  text  may  be 
followed  by  a  synonym  in  parenthesis. 

Metric  measurements  are  used  in  the  technical  sec- 
tion of  each  species  description  and  in  the  illustra- 
tions. In  the  general  section,  intended  for  the  non- 
botanist,  English  measurements  are  used.  The  habit 
silhouettes  show  both  metric  and  English  scales. 
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GRASSES 


The  native  grasses  of  the  South  vary  widely  in  size, 
habit,  environmental  adaptability,  and  usefulness. 
Except  for  the  woody  bamboos,  all  species  are  annual 
or  perennial  herbs.  Height  varies  from  a  few  inches  to 
25  feet.  Bunch  grasses  predominate,  but  many 
grasses  creep  by  rhizomes  or  stolons.  Despite  these 
v2iriations,  many  vegetative  characters  are  relatively 
constant  for  all  grasses.  Stems  are  typically  hollow, 
though  occasionally  soUd,  with  prominent  joints  or 
nodes.  Leaves,  arising  alternately  from  the  nodes  in 
two  ranks,  are  elongate;  although  some  are  not  much 
more  than  1  inch  long,  width  is  never  more  than  one- 
third  the  length.  Leaf  margins  and  veins  are  approxi- 
mately parallel.  The  part  of  the  leaf  that  clasps  the 
stem  is  the  sheath,  and  in  most  grasses  the  edges  are 
not  fused  and  the  sheath  is  said  to  be  open.  The  upper 
or  free  portion  of  the  leaf  is  called  the  blade.  The  junc- 
ture of  the  sheath  and  blade  on  the  outer  surface  is 


termed  the  collar.  Many  grasses  have  a  ligule  (a 
membranous  scale  or  fringe  of  hairs)  at  this  juncture 
on  the  inner  surface.  Although  these  features  are 
usually  enough  to  distinguish  grasses  from  other 
plants,  it  is  sometimes  difficult  to  differentiate 
between  plants  of  the  gi'ass  family,  Gramineae,  and 
the  closely  related  sedge  and  rush  families,  Cypera- 
ceae  and  Juncaceae. 

Hitchcock  (1950)  numbered  the  grasses  in  the 
United  States,  excluding  Alaska  and  Hawaii,  at  185 
genera  and  1,518  species.  Fernald  (1950)  indicated 
110  genera  with  487  species  for  the  central  and  north- 
eastern regions  of  the  U.S.  Louisiana  has  99  genera 
and  328  species  (Allen  1980).  Ward  (1968)  lists  101 
genera  and  423  species  for  Florida.  Thus,  approxi- 
mately half  of  the  grass  genera  found  in  the  nation 
are  represented  in  the  South. 


x51ll6StGniS — Andropogon  spp.,  Schizachyrium  spp.,  and  Bothriochloa  spp. 


The  bluestems,  known  also  as  "beardgrasses"  or 
"sagegrasses,"  are  the  most  valuable  native  forage 
grasses  in  the  South.  They  usually  furnish  more  than 
half  the  forage  for  range  cattle.  All  bluestems  were 
included  in  the  single  genus  Andropogon  by  Hitch- 
cock (1950),  although  he  divided  his  generic  key  into 
sections  corresponding  to  genera  of  earlier  authors. 
Gould  (1967)  revised  the  genus  Andropogon,  recog- 
nizing as  genera  the  subgenera  Schizachyrium  and 
Bothriochloa  as  well  as  Andropogon.  Several  recent 
taxonomic  manuals  (Correll  and  Johnston  1970,  God- 
frey and  Wooten  1979,  Allen  1980)  and  the  "National 
List  of  Scientific  Plant  Names"  (USDA  1982)  have 
adopted  Gould's  revision. 

No  species  of  Bothriochloa  was  considered  com- 
mon enough  in  the  South  to  be  included  in  this  book. 
Silver  bluestem,  Bothriochloa  saccharoides  (Swartz) 
Rydb.,  is  found  occasionally  in  Louisiana  and  as  far 
east  as  Alabama. 

Southern  bluestems  are  mainly  bunch  grasses. 
Heights  reinge  from  about  1  foot  in  fineleaf  bluestem 


to  more  than  6  feet  in  big  bluestem.  Little  bluestem 
and  slender  bluestem  are  the  main  forage  species  on 
most  longleaf  pine-bluestem  sites,  and  creeping  blues- 
tem is  important  on  longleaf  pine-wiregrass  sites  of 
Florida  and  Georgia.  Bushy  bluestem  often  forms 
extensive  stands  on  soils  too  wet  for  upland  species. 

Most  species  do  not  flower  until  late  summer  or 
fall;  hence,  identification  during  much  of  the  year 
must  be  from  vegetative  characters.  Culms  are  solid, 
while  those  of  most  grasses  are  hollow.  Tufts  gener- 
ally spread  by  tillering,  but  a  few  species,  e.g.,  pinehill 
bluestem  and  big  bluestem,  may  be  rhizomatous. 

Inflorescences  consist  of  several  to  many  hairy 
racemes  (spikelike  panicle  branches);  these  often  pro- 
trude from  a  spathelike  sheath  at  maturity.  Fertile 
spikelets  usually  terminate  in  a  twisted  or  bent  awn. 
Old  seed  stalks,  which  commonly  persist  well  into  the 
growing  season,  may  aid  identification. 


Chalky  Bluestem — Andropogon  capilUpes  Nash— f^.  virginicus  var.  glaucus  Hack.) 


Chalky  bluestem  is  one  of  the  most  palatable 
grasses  available  to  cattle  on  flatwoods  sites  in  cen- 
tral and  south  Florida.  It  grows  in  small  clumps  with 
seed  stalks  to  3  feet  tall.  Leaves  and  seed  stalks  are 
conspicuously  glaucous  (chgilky),  providing  the  plant 
its  main  distinguishing  feature.  Its  inflorescence  is 
almost  identical  to  that  of  broomsedge  bluestem. 
Chalky  broomsedge,  Andropogon  virginicus  var. 
glaucopsis  (Ell.)  Hitchc,  grows  throughout  the  r£inge 
of  chalky  bluestem  and  westward  to  Louisiana,  and 
both  chalky  grasses  grow  best  on  wetter  sites  than 
those  usually  associated  with  broomsedge.  All  three 
have  flattened  lower  sheaths  and  nearly  identical 
inflorescences.  Taxonomic  relationships  between 
these  closely  related  grasses,  as  indicated  in  various 
taxonomic  manuals,  are  not  consistent.  Radford  and 
others  (1968)  includes  ^4.  capilUpes  with  A.  virginicus. 
Godfrey  and  Wooten  (1979)  list  chalky  broomsedge 
as  A.  glaucopsis  (Ell.)  Nash,  indicating  in  a  key  that  it 
has  a  tufted  ring  of  white  hairs  below  each  spathe  of 
the  inflorescence,  which  is  absent  in  A.  capilUpes. 
Fernald  (1950)  Usts  chalky  bluestem  as  A.  virginicus 
var.  glaucus  Hack. 

Flower  stalks  do  not  appear  until  September  or 
October.  Stalks  £ind  foliage  provide  excellent  rough- 
age for  winter  grazing. 

Range:  Florida  to  southern  North  CaroUna. 


Perennial.  Culms  slender,  tufted,  erect,  to  1  m  tall, 
glaucous,  glabrous;  sheaths  crowded  at  base,  keeled; 
blades  to  60  cm  long,  2-4  mm  wide;  ligule  a  ciliate 
membrane  about  0.5  mm  long;  inflorescence  narrow 
but  loose;  spathes  purplish,  glabrous,  dilated, 
2.0  -  3.5  cm  long;  racemes  two,  1.0  -  2.5  cm  long;  ses- 
sile spikelet  about  3  mm  long,  almost  equaling  pedicel 
of  sterile  spikelet,  pedicel  and  rachis  copiously  long- 
/iUous;  awn  of  sessile  spikelet  about  1  cm  long. 


Flowering  stalk 


Habit 


Elliott  Bluestem — Andropogon  elliottii  Chapm. 


Elliott  bluestem,  although  among  the  least  abun- 
dant southern  bluestems,  is  one  of  the  most  conspicu- 
ous. Toward  maturity  the  large,  inflated  spathes  that 
sheathe  the  inflorescence  give  the  plants  a  top-heavy 
appearance.  Inner  surfaces  of  these  spathes  are  cop- 
per colored,  smooth,  and  shining.  On  old  fields  and 
overgrazed  range,  Elliott  bluestem  may  form  almost 
pure  stands,  but  generally  is  widely  scattered  among 
other  grasses.  While  it  tolerates  a  wide  range  of  sites, 
it  is  most  common  on  dry  sandy  soils.  Typical  plants 
are  2  to  3  feet  tall  with  leaves  about  12  inches  long 
and  '/s  inch  wide.  The  crowded  spathes,  with  paired 
silky  racemes  either  exserted  or  partially  enclosed, 
are  reliable  identification  features.  Dead  stalks,  with 
spathes  attached,  often  persist  through  the  winter. 

The  only  grass  easily  confused  with  Elliott  blues- 
tem is  fineleaf  bluestem.  Typical  fineleaf  bluestem  is 
not  more  than  2  feet  tall  with  leaves  less  than  '/s  inch 
wide.  Although  fineleaf  bluestem  is  often  found  on 
poorly  drained  soils,  the  two  species  intergrade  and 
are  often  found  on  the  same  site.  Intergrades  not  fit- 
ting the  characteristics  of  typical  Elliott  bluestem  are 
usually  considered  to  be  fineleaf.  Allen  (1980),  how- 
ever, includes  Andropogon  subtenuis  as  a  synonym 
under  yl.  elliottii.  Although  both  are  common,  neither 
contributes  much  forage  to  the  diet  of  grazing  ani- 
mals. 

Range:  Coastal  Plain,  Texas  to  New  Jersey. 


Perennial.  Culms  30  -  80  cm  tall,  in  tufts,  erect,  sim- 
ple at  first,  later  branching  toward  the  summit; 
sheaths  shorter  than  the  internodes,  keeled,  ncirrow, 
glabrous  to  loosely  pilose;  ligule  short,  a  rounded 
membrane  less  than  1  mm  long;  blades  to  50  cm  long, 
flat,  keeled,  1-7  mm  wide,  glabrous  to  pilose,  droop- 
ing and  curhng  on  drying;  racemes  3-5  cm  long, 
paired,  or  rarely  in  threes  or  fours,  the  early  ones 
long-exserted  on  flexuous  peduncles  from  slender, 
inconspicuous  spathes,  the  late  ones  in  dense  clusters 
on  short  peduncles  within  broad,  green,  purplish,  or 
coppery  spathes;  sessile  spikelet  4-5  mm  long,  the 
awn  loosely  twisted,  10  -  25  mm  long;  pedicellate  spi- 
kelet rudimentary,  the  slender  rachis  joints  and  pedi- 
cels long  white-villous. 
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Big  Bluestem — Andropogon  gerardii  Vitm. 


Big  bluestem  is  the  largest  native  bluestem  in  the 
United  States,  often  reaching  6  feet  or  more  in  height. 
Although  plants  spread  by  short  rhizomes,  bases  are 
often  densely  tufted,  as  in  the  true  bunch  grasses. The 
broad,  mostly  basal  leaves  vary  from  very  sparsely  to 
densely  hairy.  Basal  shoots  are  usually  flattened. 
Thick,  purplish  racemes  are  2  to  4  inches  long  and 
generally  in  twos  or  threes.  They  diverge  toward  the 
tips  forming  a  bird-foot-like  inflorescence  that  distin- 
guishes big  bluestem  from  all  other  southern  grasses, 
and  gives  it  another  widely  known  name,  "turkey- 
foot."  Identification  may  be  difficult  during  much  of 
the  growing  season,  however,  for  flowers  rarely 
appear  before  late  summer.  Because  palatability  is 
high,  cattle  often  graze  the  plants  closely,  delaying  or 
preventing  seedstalk  development. 

Without  seed  heads,  big  bluestem  resembles  Flor- 
ida paspalum,  but  the  two  can  usually  be  distin- 
guished by  vegetative  characters.  In  big  bluestem, 
leaf  blades  narrow  slightly  near  the  collar,  widening 
gradually  toward  the  midsection;  the  lower  one-third 
to  one-half  of  the  blade  width  in  Florida  paspalum  is 
relatively  constant.  The  inner  surface  of  the  big  blue- 
stem  sheath  is  brownish  to  bronze,  corresponding  in 
color  to  the  ligule,  while  that  of  Florida  paspalum  is 
green. 

Because  of  its  high  yield  and  palatabihty,  big 
bluestem  is  one  of  the  four  most  important  native 
forage  grasses  of  the  North  American  tallgrass  prai- 
rie region.  Others  are  little  bluestem,  indiangrass, 
and  switchgrass  (Gould  1975).  On  southern  forest 
range,  however,  it  is  generally  too  scarce  on  most 
sites  to  contribute  much  forage.  Because  it  is  usually 
overgrazed  when  range  stocking  is  based  on  the 
proper  use  of  other  bluestems,  its  presence  on  grazed 
range  indicates  lighter  than  average  use. 

Range:  All  of  United  States  east  of  Idaho  and 
Nevada. 


Perennial.  Culms  stout,  solid,  12m  tall,  sparingly 
branched  toward  the  summit;  sheaths  glabrous  or  vil- 
lous, wider  than  the  blade,  green  or  purplish,  some- 
times glaucous;  ligule  membranous,  14  mm  long, 
with  or  without  a  fringed  margin;  blades  flat,  elon- 
gate, 20  -  60  cm  long,  4-12  mm  wide,  with  scabrous 
margins  and  pale  midveins  wide  and  prominent  near 
the  ligules,  tuft  of  hairs  up  to  1  cm  long  behind  Hgule 
or  only  short  scattered  hairs;  racemes  mainly  in  twos 
and  threes,  but  up  to  six  or  more  on  long-exserted 
terminal  peduncles,  5-12  cm  long,  green,  yellowish 
or  purphsh,  often  glaucous;  sessile  spikelet  perfect, 
7-10  mm  long,  usually  scabrous,  the  1-2  cm  long 
awn  tightly  twisted  and  bent;  pedicellate  spikelet  not 
reduced,  staminate,  awnless. 
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Bushy  Bluestem — Andropogon  glomemtus  (Walt.)  BSP. —(Andropogon  virginicus  var.  abbreviatus  (Hack.) 
Fern.  &  Grisc.) 

Bushy  bluestem,  a  stout  bunch  grass  2  to  5  feet 
tall,  occurs  on  low  wet  sites,  ditchbanks,  pond  mar- 
gins, marshes,  and  swamps.  The  inflorescence  is  a 
large,  dense  bundle  of  silky  racemes  with  leafy 
spathes  interspersed.  Density  of  the  seed  head  is  due 
to  its  drastically  shortened  branches  £md  internodes. 
Each  of  the  many  branches  bears  two  racemes,  the 
pair  subtended  by  a  spathe.  Mature  racemes  are  free 
from  the  spathes  and  equal  to  them  in  length.  Indi- 
vidual spikelets  are  almost  identical  to  those  of 
broomsedge,  and  a  recent  plant  manual  included 
bushy  bluestem  under  broomsedge  (Radford  and  oth- 
ers 1968).  Others  have  accepted  the  varietal  name 
under  broomsedge  (FernEild  1950,  Godfrey  and  Woo- 
ten  1979).  The  two  grasses  are  distinct  and  consistent 
in  appearance  and  probably  deserve  recognition  as 
separate  species. 

Bushy  bluestem  is  not  considered  a  valuable  forage 
plant  on  pine  ranges  as  it  occurs  on  sites  not  generally 
grazed. 

Range:  Southern  California  and  Nevada,  extend- 
ing east  to  Florida,  Kentucky,  and  Massachusetts. 


Perennial.  Culms  erect,  stout,  to  8  mm  thick,  50-150 
cm  tall,  compressed,  bushy-branching  above;  sheaths 
longer  than  the  internodes,  flattened,  rough,  often 
pubescent  in  the  throat,  ciliate  on  the  meirgins;  ligule 
membranous,  about  1  mm  long,  with  a  truncate,  fim- 
briate margin;  inflorescence  dense,  composed  of  a 
mass  of  slightly  dilated  spathes;  racemes  paired,  1-3 
cm  long  from  spathes  of  about  the  same  length;  ses- 
sile spikelet  3-4  mm  long,  the  awn  straight,  1.0-1.5 
cm  long;  pedicellate  spikelet  reduced  to  a  single  subu- 
late glume  or  absent,  its  pedicel  and  the  rachis  joint 
silky-villous  and  about  the  same  length  as  the  sessile 
spikelet. 


Hairy  Bluestem — Andropogon  longiberbis  Hack. 


Hairy  bluestem  is  closely  related  to  broomsedge 
bluestem,  but  is  generally  more  hairy,  especially  the 
seed  heads.  Lower  leaf  sheaths  and  blades  are  often 
woolly  with  silvery  hairs  and  are  not  strongly  flat- 
tened like  those  of  broomsedge. 

It  is  most  important  in  south  Florida,  where  it  is 
abundant  on  flat,  sandy-slough  sites,  which  are  cov- 
ered with  shallow  slow-moving  water  during  the  wet 
summer  season.  These  sites  are  usually  grazed  heav- 
ily during  late  winter  and  early  spring  following  a 
burn.  Leaves  and  emerging  flower  stalks  are  eaten  by 
cattle  from  February  through  June. 

A  similar  grass,  Andropogon  tracyi  Nash,  grows 
within  the  range  of  hairy  bluestem  and  also  extends 
along  the  Gulf  Coastal  Plain  to  Louisiana.  Foliage  is 
generally  less  hairy  than  that  of  A.  longiberbis,  and 
the  stalk  (peduncle)  supporting  each  pair  of  racemes 
is  from  V2  to  1  Va  inch  long;  peduncles  of  ^.  longiberbis 
are  less  than  V2  inch  long. 

Range:  Georgia  and  Florida. 


Perennied.  Culms  to  1  m  tall,  glabrous;  lower  sheaths 
gray-villous,  upper  glabrous;  blades  2-5  mm  wide, 
elongate,  lower  blades  densely  grayish-villous  ven- 
trally,  greenish  and  sparsely  villous  dorsally;  racemes 
two  to  four,  2-3  cm  long,  densely  villous;  peduncle 
less  than  1  cm;  spathe  3-5  cm  long,  enclosing  pedun- 
cle and  bases  of  racemes,  light  brown  at  maturity; 
sessile  spikelet  3  mm  long;  awn  straight,  about  1  cm 
long. 


Flowering  stalk 


Habit 


Fineleaf  Bluestem — Andropogon  subtenuis  Nash 

Fineleaf  bluestem  is  among  the  smallest  southern 
bluestems.  It  is  feiirly  common  and  widely  distrib- 
uted, but  its  small  size  emd  narrow  leaves  make  it 
relatively  inconspicuous.  It  occupies  a  variety  of 
sites,  but  grows  best  on  well-drained  ridges,  mounds, 
and  slopes.  On  cutover  areas  it  may  comprise  25  per- 
cent of  the  grass  stand,  but  generally  much  less.  Like 
slender  bluestem,  it  tolerates  heavier  grazing  than 
taller,  broad-leaved  grasses. 

Mature  plants  are  16  to  28  inches  tall  and  leaves 
are  less  than  '/s  inch  wide.  Lower  leaf  sheaths  are  lat- 
erally flattened,  as  in  many  bluestems.  Foliage  is  sim- 
ilar to  that  of  slender  bluestem.  Under  a  hand  lens, 
fineleaf  bluestem  is  distinguishable  by  its  pointed 
hgule,  the  ligule  of  slender  bluestem  being  short  and 
blunt. 

Seed  heads  £ire  borne  in  slender,  slightly  inflated 
spathes,  with  at  least  some  of  the  slender,  silky 
racemes  protruding.  Seed  heads  may  be  confused 
with  those  of  Elliott  bluestem,  which  intergrades 
with  fineleaf  bluestem.  Spathes  of  Elliott  bluestem 
are  distinctly  inflated;  they  are  also  longer,  more 
numerous,  and  more  closely  crowded. 

In  forage  quality,  fineleaf  bluestem  is  similar  to 
slender  bluestem,  with  which  it  can  be  easily  confused 
when  both  grasses  are  grazed  short.  Of  the  two,  fine- 
leaf  bluestem  matures  later  and  is  more  palatable  in 
summer. 

Range:  Louisiana  to  northern  Florida. 


Perennial.  Culms  erect,  in  small  tufts,  very  slender, 
somewhat  compressed,  40  -  70  cm  tall,  sparingly 
branched  above;  sheaths  keeled,  wider  than  the  blade, 
generally  glabrous,  but  occasionally  densely  long-vil- 
lous;  ligule  0.5  -  1.0  mm  long,  sharply  pointed;  blades 
1.5-2.0  mm  wide,  flat  or  folded,  scabrous,  generally 
with  long  scattered  hairs  on  the  margins  near  the  lig- 
ule, occasionally  densely  long-villous;  racemes  two, 
2-3  cm  long,  flexuous,  from  slightly  inflated  spathes 
rarely  over  7-10  cm  long;  sessile  spikelet  about  4 
mm  long;  pedicellate  spikelet  reduced  to  a  tiny  scale 
on  a  pedicel  much  longer  than  the  sessile  spikelet. 


Young  plan6 
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Paintbrush  Bluestem — Andropogon  temarius  Michx. 


Paintbrush  or  "splitbeard"  bluestem  is  a  common 
associate  of  little  bluestem,  especially  on  well-drained 
sandy  sites.  The  two  grasses  resemble  each  other 
until  flower  heads  emerge  in  early  fall.  Racemes  of 
paintbrush  bluestem  are  paired.  They  are  silky  and 
much  thicker  and  showier  than  those  of  httle  blue- 
stem,  which  has  only  one  raceme  terminating  each 
inflorescence  branch. 

Persistent  old  seedstEilks  are  the  best  character  for 
distinguishing  paintbrush  bluestem  during  winter, 
spring,  and  summer.  A  conspicuous  paintbrushlike 
tuft  of  hairs  remains  on  the  branch  tips  after  racemes 
shatter,  and  old-growth  basal  leaves  are  curly. 

Peiintbrush  bluestem  is  similar  in  forage  value  to 
little  bluestem.  Because  it  is  seldom  abundant,  how- 
ever, it  contributes  little  to  the  cattle  diet. 

Range:  Coastal  Plain,  Delaware  to  Texas,  extend- 
ing inland  on  dry  sandy  soils  to  Kentucky  and  Kan- 
sas. 


Perennial.  Culms  in  tufts,  80-120  cm  tall,  simple 
below  and  much  branched  above;  sheaths  shorter 
than  the  internodes,  glabrous  to  densely  hirsute  near 
the  base;  ligule  about  1  mm  long,  membranous; 
blades  2-4  mm  wide,  the  lower  long  and  curhng  on 
drying;  racemes  in  pairs,  occasionally  in  threes,  3-6 
cm  long,  silvery-silky,  with  long  hairs,  more  or  less 
exserted  on  long  slender  peduncles  from  slender 
spathes;  sessile  spikelet  5-6  mm  long,  the  twisted 
and  bent  awn  1.5-2.0  cm  long;  pedicellate  spikelet  a 
scabrous  scale  about  1  mm  long  on  a  densely  villous 
pedicel  almost  as  long  as  the  sessile  spikelet. 


Broomsedge  Bluestem — Andropogon  virginicus  L. 


Broomsedge  bluestem— usually  called  broomsedge 
—is  a  coarse,  practically  hairless  bunchgrass  about  3 
feet  tall.  It  is  one  of  the  most  common  grasses  in  the 
South  as  its  light,  windblown  seeds  invade  old  fields, 
roadsides,  and  overgrazed  ranges.  The  basal  leaf 
sheaths  are  strongly  flattened  and  colorless  or  yellow; 
the  rest  of  the  plant  is  greenish  yellow.  A  glaucous 
variety,  chalky  broomsedge,  Andropogon  virginicus 
var.  glaucopsis  (Ell.)  Hitchc,  is  common  on  poorly 
drained  sites  of  the  lower  Coastal  Plain.  The  two 
forms  may  grow  on  the  same  site. 

Although  best  known  as  an  old-field  invader, 
broomsedge  occurs  throughout  the  piney  woods,  even 
on  ungreized  ranges.  It  is  most  common  on  sandy 
sites,  but  grows  on  a  wide  range  of  soils.  On  cutover 
longleaf  pine  ranges  it  often  inhabits  stump  holes. 

Inflorescence  branches  are  numerous,  each  beaj-ing 
two  to  four  slender  silky  racemes  about  1  inch  long.  A 
spathe  partly  encloses  each  raceme.  Broomsedge  can 
be  distinguished  from  its  close  relatives,  EUiott  blue- 
stem,  fineleaf  bluestem,  and  bushy  bluestem,  by  its 
extremely  flat  basal  sheaths  £md  yellow-green  or  blue- 
gray  color. 

Except  on  wet  sites  and  abandoned  fields,  it  is  sel- 
dom abundant  enough  to  contribute  much  forage. 
Where  surface  drainage  is  moderately  slow,  however, 
the  ch£ilky  broomsedge  variety  is  valuable  as  forage, 
especially  in  the  fall. 

Several  closely  related  species  occur  with  broom- 
sedge in  the  Southeast.  Chalky  bluestem  of  the  A/tlan- 
tic  Coastal  Plain  is  similar  to  chalky  broomsedge. 
Hairy  bluestem,  £m  early  flowering  grass  of  south  and 
central  Florida  emd  south  Georgia,  has  grayish,  hairy 
foliage.  Inflorescences  are  simileir  to  those  of  broom- 
sedge, although  three  or  four  racemes  may  be  found 
on  some  branches;  broomsedge  has  only  two  racemes 
per  branch  £md  lower  sheaths  are  usually  glabrous, 
flattened,  and  yellow  to  yeUow-green  in  color.  Inter- 
gradations  between  the  silky-racemed  bluestems  may 
be  encountered. 

Range:  Throughout  most  of  the  eastern  half  of  the 
United  States;  also  reported  from  California. 


Perennial.  Culms  erect,  50-100  cm  tall,  often  in  large 
tufts,  simple  at  the  base,  branched  above;  sheaths 
shorter  than  the  internodes,  compressed,  hirsute  on 
the  margins,  otherwise  glabrous  and  shining,  conspic- 
uously equitant  and  flat  in  mature  plants,  less  so  in 
young  ones;  ligule  membranous,  short,  ciliate;  blades 
flat  or  folded,  2-5  mm  wide,  15-40  cm  long,  pilose 
on  the  upper  surface  near  the  base;  racemes  two  to 
four,  2  -  3  cm  long,  partly  included  and  shorter  than 
the  coppery,  slightly  inflated  spathes;  sessile  spikelet 
glabrous.'about  3  mm  long  with  an  awn  1  -  2  cm  long; 
pedicellate  spikelet  genereilly  obsolete,  the  pedicel 
long-sUky-viUous. 


VoLtng  plant 
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Little  Bluestem — Schizachyrium  scoparium  (Michx.)  ^aiSh—(Andropogon  scoparius  Michx.) 


Little  bluestem  occurs  across  the  United  States  in 
a  complex  of  ecotypic  vEiriations  that  has  been  incom- 
pletely and  inconsistently  classified.  Generally,  the 
western  and  northern  forms  have  glabrous  foliage, 
while  those  found  in  the  South,  including  pinehill 
bluestem,  Schizachyrium  scoparium  var.  divergens 
(Hack.)  Gould,  have  varying  degrees  of  foliage 
pubescence  (McMillan  1964).  On  cutover  or  open  for- 
est sites  in  the  longleaf  -  slash  pine  -  bluestem  type, 
little  bluestem  is  usually  a  major  forage  plant,  often 
producing  over  50  percent  of  the  forage. 

Pinehill  bluestem,  or  eastern  little  bluestem  (Gould 
1975),  which  is  the  common  form  of  S.  scoparium  in 
Louisiana  and  east  Texas,  differs  from  typical  little 
bluestem  by  its  unreduced  pedicellate  spikelet,  which 
may  be  sterile  or  staminate.  The  pedicellate  spikelet 
in  httle  bluestem  is  a  sterile  rudiment. 

Protein  content  of  new  growth  is  high  in  spring  or 
following  a  fire  anytime  during  the  growing  season. 
Quality  drops  rapidly,  usually  becoming  deficient  by 
midsummer.  Phosphorus  is  deficient  yearlong.  Palat- 
ability  remains  relatively  high  throughout  the  grow- 
ing season;  during  winter  the  standing  residue  pro- 
vides excellent  roughage  for  cattle  being  fed  a  protein 
supplement. 

In  Alabama,  Georgia,  and  northern  Florida,  little 
bluestem  may  be  confused  with  creeping  bluestem 
which  is  rhizomatous.  Pinehill  bluestem  may  have 
short  rhizomes,  but  little  bluestem  is  generally  con- 
sidered a  bunch  grass. 

Range:  Found  in  aJl  but  the  Pacific  Coastal  States 
and  Nevada. 


Perennial.  Culms  erect,  20-150  cm  tall,  tufted;  rhi- 
zomes occasionEilly  present,  short,  knotty;  foliage 
glabrous  to  villous,  green  to  glaucous;  sheaths  (lower) 
laterally  compressed  and  keeled;  blades  25  -  60  cm 
long;  3-6  mm  wide;  racemes  one  per  inflorescence 
branch,  3-6  cm  long;  sessile  spikelet  six  to  eight  per 
raceme,  fertile,  6-8  mm  long;  awn  8-15  mm,  paired 
with  pedicellate  spikelet  reduced  to  sterile  rudiment 
in  some  v£u-ieties,  unreduced  and  sometimes  stami- 
nate in  variety  divergens. 


CoCCar  and  li^ule 
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Creeping  Bluestem—Schizachyrium  stoloniferum  ^aiSh—(Andropogon  stolonifer  {Nash)  Hitchc.) 


Creeping  bluestem,  a  close  relative  of  little  blue- 
stem,  has  never  been  considered  a  part  of  the  Schiza- 
chyrium  scoparium  complex,  although  the  two  spe- 
cies reportedly  intergrade  (Godfrey  and  Wooten 
1979).  Its  creeping  rhizomes  separate  it  from  asso- 
ciated forms  of  Uttle  bluestem.  Creeping  bluestem  is 
one  of  the  major  forage  grasses  of  the  longleaf-slash 
pine-wiregrass  type,  growing  in  association  with  pine- 
land  threeawn,  the  common  "wiregrass"  of  the  sandy 
soUs  of  Florida  and  Georgia.  In  southern  Florida, 
creeping  bluestem  may  be  associated  with  south  Flor- 
ida bluestem,  S.  rhizomatum  (Swallen)  Gould.  The 
latter  is  a  smaller  grass,  usually  less  than  30  inches 
tall,  with  leaf  blades  '/s  inch  wide  or  less.  South  Flor- 
ida bluestem  has  shorter  rhizomes  than  creeping 
bluestem.  Inflorescence  characteristics  of  the  two 
grasses  are  similar,  but  the  axis  of  the  raceme  of  S. 
rhizomatum  is  conspicuously  curved-zigzag. 

Creeping  bluestem,  like  little  bluestem,  provides 
excellent  forage  during  spring  and  early  summer. 
Palatability  remains  high  in  winter,  and  the  standing 
cured  forage  provides  good  quality  winter  roughage 
for  cattle  if  supplemental  nutrients  are  furnished. 

Range:  Southern  Georgia,  Florida,  and  Alabama. 


Perennial.  Culms  to  150  cm  tall,  soUtary  or  few  in  a 
tuft,  rhizomatous;  leaves  up  to  5  mm  wide,  elongate; 
foliage  glabrous  to  villous;  racemes  solitary,  3-4  cm 
long;  sessile  spikelet  5-7  mm  long;  pedicellate  spike- 
let  rudimentary. 
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Slender  Bluestem — Schizachyrium  tenerum  Nees—{Andropogon  tener  {Nees)  Kunth) 


Slender  bluestem  is  usually  the  most  abundant  and 
important  forage  plant  on  cutover  longleaf  pine- 
lands.  As  the  name  suggests,  it  is  fine-stemmed  and 
narrow-leaved;  another  common  name  is  "wiregrass." 
The  wiry  flower  stalks  are  up  to  3  feet  long  but  have  a 
sprawUng  habit,  rarely  exceeding  1.5  feet  in  height. 
In  the  growing  season  following  a  burn,  flower  stalks 
grow  upright.  Slender  bluestem  grows  on  a  variety  of 
sites,  but  is  most  productive  on  well-dradned  soils. 

Each  flower  stalk  branch  bears  a  single,  sUm,  prac- 
tically hairless  raceme  about  2  inches  long.  The 
racemes  appear  in  early  summer  and  shatter  soon 
after  maturity.  Thereafter,  plants  C£m  be  identified  by 
the  slightly  enlarged  oblique  tips  of  flower  stalk 
branches. 

Slender  bluestem  grows  mixed  with  other  grasses. 
In  favorable  years  on  cutover  sites  its  dense  mass  of 
recUning  seedst2ilks  obscures  and  may  smother  other 
species,  creating  the  appearance  of  extensive  pure 
stands.  As  it  does  not  tolerate  heavy  shade,  abun- 
dance decreases  following  reforestation  of  cutover 
lands. 

On  nontimbered  sites,  this  grass  is  important  in 
the  cattle  diet.  It  matures  much  earlier  than  most 
associated  grasses  and,  unless  grazed  closely, 
becomes  fibrous  and  unpalatable  by  midsummer.  An 
accumulation  of  old  growth  not  only  discourages 
grazing  but  interferes  with  growth,  thereby  reducing 
herbage  production.  Where  a  heavy  rough  develops, 
burning  may  materially  improve  grazing  value. 

Range:  Texas  and  Oklahoma  to  Florida  and  Geor- 
gia. 


Perennied.  Culms  60-100  cm  long,  slender,  in  tufts, 
recUning,  the  upper  half  sparingly  branched;  sheaths 
shorter  than  the  internode,  broader  than  the  blade, 
glabrous;  ligule  less  than  1  mm  long,  edge  smooth; 
blades  about  1  mm  wide,  flat  or  loosely  involute,  gla- 
brous except  for  sparse,  fine  hairs  at  the  base; 
racemes  solitary,  2-6  cm  long,  glabrous,  on  long 
peduncles  with  slightly  flared,  obhquely  pointed  tip; 
sessile  spikelet  4-5  mm  long,  the  awn  7-10  mm 
long,  twisted  and  bent;  pedicellate  spikelet  4-5  mm 
long,  awnless,  empty,  or  sometimes  staminate. 


Younj^  plan6 
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Panicum  Grasses — Pamcum  spp.,  DichantheUum  spp. 


The  genus  Panicum,  as  outlined  in  Hitchcock's 
manual  (Hitchcock  1950),  consisted  of  three  sub- 
genera, two  of  which  were  represented  by  numerous 
species  throughout  the  South.  Subgenus  Dichanthel- 
ium,  the  "low"  panicums,  were  those  that  flowered  in 
spring  and  again  in  late  summer,  with  distinct  winter, 
spring,  and  fall  phases;  subgenus  Eupanicum,  the 
"true"  panicums,  flowered  once  yearly,  whose  vegeta- 
tive appearance  did  not  change  appreciably  during 
the  growing  season.  The  panicums  have  been  revised 
in  recent  years,  especially  in  Dichanthelium,  which 
has  become  the  genus  for  low  panicums,  and  species 
have  been  combined  to  reduce  the  total  number  from 
over  100  to  26  (Gould  and  Clark  1978).  The  true  pani- 
cums of  subgenus  Eupanicum  remeiin  in  the  genus 
Panicum. 

Although  the  revision  reduced  the  number  of  spe- 
cies, the  low  panicums  remain  one  of  the  largest  gen- 


era of  grasses  in  the  South.  While  they  do  not  produce 
as  much  forage  as  the  bluestems,  they  are  often  a 
high-quality  component  of  the  diet  for  deer  and  cattle 
in  late  winter  or  early  spring  before  other  grasses 
begin  new  growth.  Crude  protein  of  early  growth  may 
exceed  15  percent.  Mature  green  leaves  contain 
around  8  percent  protein,  almost  as  high  as  new 
growth  of  bluestems.  The  true  panicums,  which 
include  switchgrass,  beaked  panicum,  and  maiden- 
cane,  are  generally  higher  in  nutrient  content  than 
the  bluestems. 

The  panicums  included  here  are  those  considered 
important  because  of  wide  distribution,  general  abun- 
dance, or  unusually  high  forage  value  within  a  range 
type. 
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Needleleaf  Panicum — Dichanthelium  aciculare  (Desv.  ex  Poir.)  Gould  &  Clark— (formerly  Pantcum  aciculare 

Desv.  ex  Poir.  and  P.  angustifolium  Ell.) 


Considered  as  two  separate  Panicum  species  before 
the  Dichanthelium  revision,  needleleaf  panicum,  P. 
aciculare,  and  narrowleaf  panicum,  P.  angustifolium, 
were  combined  along  with  about  20  other  names 
under  the  neime  Dichanthelium  aciculare.  The  com- 
mon name  associated  with  P.  aciculare  was  retained. 

Needleleaf  panicum,  as  now  interpreted,  is  the 
most  common  low  panicum  on  sandy  longleaf-slash 
pine  sites.  Leaves  and  stems  may  be  6  inches  long  and 
over  V4  inch  wide,  hairy  or  hairless,  and  autumnal 
leaves  may  be  tightly  rolled.  Spikelets  are  Vie  to  V% 
inch  long  and  minutely  hgdry  or  hairless.  Because  of 
the  numerous  former  taxa  combined  under  this  spe- 
cies and  the  wide  geographical  range  included,  consid- 
erable variation  must  be  allowed  in  all  plant  charac- 
teristics. 

Range:  Texas  to  Florida,  extending  north  to  Mis- 
souri, Indiana,  and  Massachusetts. 


Perennial  (spring  phase).  Culms  usueJly  stiffly  erect, 
25  -  75  cm  tall,  glabrous  or  moderately  pubescent  or 
pilose  but  the  nodes  not  truly  bearded,  often  branch- 
ing freely  above  with  age,  producing  fascicles  of 
reduced  leaves  and  panicles,  the  leaves  narrow,  often 
involute;  sheaths  glabrous,  pubescent,  or  pilose,  occa- 
sioneJly  with  long,  papillate  hairs;  ligule  usually  a 
fringe  of  hairs  1  mm  or  less  long;  leaves  firm  or  stiff, 
narrowly  lanceolate,  usually  acuminate,  glabrous  or 
hairy,  6-20  cm  long  and  2-8  mm  broad,  sometimes 
becoming  tightly  involute;  panicles  open  or  tightly 
contracted,  mostly  4-9  cm  long;  spikelets  eUiptic- 
ovate  to  obpyriform  or  fusiform,  glabrous  or  puberu- 
lent,  1.9  -  3.6  mm  long;  first  glume  about  half  as  long 
as  the  spikelet. 
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Woolly  Panicum — Dichanthelium  acuminatum  (Swartz)  Gould  &  Clark  var.  acuminatum- 
nosum  Ell.) 


-(Panicum.  lanugi- 


Approximately  70  former  species  or  varieties  of 
hairy  low  panicums  were  placed  in  four  varieties  of 
Dichanthelium  acuminatum  by  Gould  £tnd  Clark. 
More  theui  40  plant  names  were  combined  under  the 
V£iriety  acuminatum.  Several  varieties  ofD.  acumina- 
tum, including  Lindheimer  panicum,  are  almost  hair- 
less. In  this  handbook,  D.  acuminatum  var.  acumina- 
tum will  represent  the  "woolly"  vEirieties  and  var. 
lindheimeri  the  nearly  hairless  varieties  of  D.  acumi- 
natum. 

Woolly  pginicum  grows  throughout  North  America 
on  sandy  woodland  soils.  It  is  a  consistent,  although 
minor,  component  of  the  forage  in  open  southern  pine 
forests.  Like  other  low  panicums,  it  exhibits  the  three 
seasonal  growth  forms  and  provides  hmited  early 
green  forage. 

Range:  British  Columbia  and  Quebec  to  California 
and  Florida;  Central  and  South  America. 


Perennial  (spring  phase).  Culms  usually  in  large 
clumps,  15-60  cm  tall,  usueiUy  densely  villous  below 
with  long,  soft  hairs,  these  often  minutely  papillate; 
leaves  variously  pubescent  to  nearly  glabrous,  5-10 
cm  long  and  5-12  mm  broad,  the  hairs  soft  or  coarse, 
usually  long;  sheaths  shorter  than  the  internodes, 
soft-villous  or  puberulent  on  the  back,  ciUate  on  the 
margins;  ligules  weU  developed  with  hairs  mostly 
2-4  mm  long;  panicles  5-8  cm  long,  loosely-flow- 
ered, commonly  pubescent  on  the  main  axis  and  lower 
branches;  spikelets  pubescent,  elliptic-obovate, 
1.6  -  2.5  mm  long;  first  glume  about  as  broad  as  long, 
one-third  as  long  as  the  spikelet,  broadly  pointed  to 
somewhat  rounded  at  the  apex. 
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Lindheimer  Pamcuin — Dichanthelium  acuminatum  var.  lindheimeri  (Nash)  Gould  and  Clark— (Panicum  lin- 

dheimeri  Nash) 


This  low  panicum  is  common  in  dry  semdy  woods 
throughout  the  eastern  half  of  the  United  States. 
Spring  flower  stalks  are  1  to  3  feet  tall.  Leaf  blades 
are  ascending,  1  to  4  inches  long  and  V5  to  2/5  inch 
wide.  The  hgule  is  a  dense  ring  of  hairs  Vs  inch  long, 
easily  seen  with  the  naked  eye.  The  panicle  is  1 V2  to 
2Vi  inches  long  with  spikelets  less  than  Vie  inch  in 
length.  The  tiny  spikelets  and  the  hairy  hgule  are 
good  distinguishing  characteristics  for  this  grass. 

Fall  foUage  consists  of  stiffly  spreading,  often 
prostrate  stems  made  top-heavy  by  crowded 
branches  of  small  leaves.  Fall  leaves  average  about  1 
inch  long  and  0. 1  inch  wide. 

Range:  Texas  to  Minnesota  and  eastward;  also 
New  Mexico,  Cahfomia,  and  Oregon. 


Perennial  (spring  phase).  Culms  tufted,  stiffly  ascend- 
ing or  spreading,  30-90  cm  tall;  blades  lanceolate 
3-15  cm  long,  3-15  mm  wide;  sheaths  cihate  on 
margins;  ligule  a  tuft  of  white  hair  4-5  mm  long; 
panicle  4-7  cm  long,  about  as  wide;  spikelets  1-2 
mm  long,  puberulent. 
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Delicate  Panicum — Dichanthelium  dichotomum  var.  ensifolium  (Baldw.)  Gould  &  Clark - 

louche  Trin.) 


-(Panicum  chamae- 


As  its  common  name  indicates,  this  low  panicum  is 
a  small,  slender  grass,  seldom  exceeding  18  inches  in 
height.  Spring  plants  form  dense  tufts,  and  freely 
branching  fall  growth  forms  dense  cushions;  on  low 
sandy  sites  with  little  competition,  fall  clumps  may 
grow  to  20  inches  in  diameter.  It  is  found  on  wet 
seeps,  marshy  areas,  and  acid  bogs,  usually  in  shade. 

Fohage  of  deUcate  panicum  is  hairless  and  makes 
excellent  forage,  although  it  seldom  contributes  a 
significant  amount  to  the  cattle  diet.  In  south  Flor- 
ida, plants  remain  partizilly  green  during  winter.  Win- 
ter rosettes  furnish  some  green  winter  forage  for  deer. 
Seeds,  though  tiny,  are  eaten  by  quail. 

Spring  plants  have  leaf  blades  Vz  to  VA  inches 
long,  and  panicles  are  1  to  2  inches  long.  Seeds  are 
among  the  smallest  of  the  panicums,  only  shghtly 
more  them  Vie  inch  long.  Numerous  similar,  closely 
related  panicums  were  combined  under  Dichanthel- 
ium dichotomum  in  the  Gould  and  Clark  (1978)  revi- 
sion. Approximately  50  Panicum  species  or  varieties, 
including  P.  glabrifolium  Nash,  a  similar  but  larger 
plant  found  in  south  Florida,  were  assigned  among 
five  varieties  of  Dichanthelium  dichotomum.  Pani- 
cum glabrifolium  is  now  D.  dichotomum  var.  glabri- 
folium (Nash)  Gould  &  Clark. 

Range:  Texas  and  Arkansas  to  Florida  and  New 
Jersey. 


Perennial  (spring  phase).  Culms  densely  tufted,  to  45 
cm  tall,  ascending;  blades  firm,  1.5-4.0  cm  long, 
2-3  mm  wide;  panicle  2-6  cm  long;  spikelets 
1.1-1.5  mm  long,  glabrous. 


Spring  stalk 


SPRING 


FALL 


Habit 
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Wideleaf  Panicum — Dichanthelium  latifolium  (L.)  Harvill— ^Panicum  latifolium  L.) 


Wideleaf  peinicum  is  a  low  panicum  in  rocky  or 
sandy  woods  of  the  northern  portion  of  the  loblolly- 
shortleaf  pine-bluestem  type.  Plants  may  be  over  3 
feet  tall  with  leaves  7  inches  long  and  1 V2  inches  wide. 
Except  for  scattered  hairs  on  lower  stems  and 
sheaths,  foUage  is  hairless,  including  stem  joints. 
Panicles  are  up  to  6  inches  long  with  spikelets  about 
'/k  inch  long. 

Another  broadleaf  panicum,  Dichanthelium  boscii 
(Poir.)  Gould,  found  throughout  the  southern  states, 
is  similar  to  wideleaf  panicum.  Stem  joints  are 
bearded  in  D.  boscii,  however,  and  spikelets  are 
larger.  These  two  grasses  have  the  broadest  leaves  of 
all  low  panicums,  and  their  spikelets  Eire  among  the 
largest.  Autumn  foliage  is  crowded  on  top-heavy, 
branched  stems;  leaves  are  about  the  same  size  as 
those  produced  in  spring. 

Velvet  panicum,  D.  scoparium  (Leun.)  Gould,  is  one 
of  the  coeirsest  and  tallest  of  low  panicums,  reaching  a 
height  of  4  to  5  feet  on  favorable  sites  such  as  semdy 
ditches  and  swedes  throughout  the  South.  Leaves  are 
not  as  wide  and  spikelets  not  as  large  as  those  of  D. 
latifolium  and  D.  boscii.  Velvet  panicum  is  seldom 
found  on  burned  or  grazed  forest  range. 

A  common  broadleaf  low  panicum  of  shaded  lob- 
iolly-shortleaf  pine-hardwood  sites  that  may  be  con- 
fused with  wideleaf  panicum  is  variable  panicum,  D. 
oommutatum  (Schult.)  Gould.  It  is  found  also  in  river 
bottoms  and  other  moist  shaded  sites  throughout  the 
sastem  and  Gulf  Coastal  States. 

Range:  Arkansas  to  northern  Georgia,  extending 
lorthward  to  Canada. 


Perennial  (spring  phase).  Culms  45  -  100  cm  tall,  gla- 
brous or  sparsely  pubescent  toward  base,  nodes  gla- 
brous; sheaths  ciliate;  blades  8-18  cm  long,  3-35 
nam  wide,  thin,  glabrous;  ligule  a  minute  fringed 
rnembrane,  rarely  1  mm  long;  panicle  6  -  20  cm  long; 
spikelets  3.3-3.8  mm,  puberulent  to  nearly  glabrous. 
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Little  Panicum — Dichanthelium  leucoblepharis  var.  glabrescens  (Griseb.)  Gould  &  Clark— (Panicum  polycau- 
lon  Nash) 


This  low  panicum  rarely  exceeds  6  inches  in  height. 
In  the  pine  flatwoods  of  the  Coastal  Plain  where  it 
commonly  occurs,  it  is  usually  the  smallest  panicum. 
Winter  rosette  leaves  are  about  3  inches  long  and  V* 
inch  wide.  Later  spring  leaves  are  about  half  that  size, 
and  those  just  below  the  inflorescence  are  often  less 
than  Vi  inch  long.  FoUage  is  hght  green  and  soft, 
often  turning  purphsh  after  flowering  heads  are  pro- 
duced. Except  for  cihate  hair  on  leaf  meirgins,  foUage 
is  glabrous.  Spring  panicles,  which  are  about  IV2 
inches  long  and  1  inch  wide,  £ilso  turn  purple. 

Dichanthelium  leucoblepharis  (Trin.)  Gould  & 
Cleirk  var.  leucoblepharis  {Panicum  ciliatum  EU.)  is 
found  on  similar  sites  throughout  the  range  of  httle 
panicum.  Its  spikelets,  which  are  sUghtly  larger  than 
those  of  little  panicum,  are  usually  pubescent;  those 
of  httle  panicum  are  glabrous. 

Little  panicum  is  a  frequent  associate  of  pineltind 
threeawn  in  the  longleaf-slash  pine-wiregrass  type  in 
Florida  and  Georgia. 

Range:  Coastal  Plain,  Louisiana  to  Florida  and 
Southern  Georgia. 


Perennial  (spring  phase).  Culms  tufted,  15-45  cm 
tall,  usually  erect;  leaves  mostly  basal,  blades  3-6 
cm  long,  4-6  mm  wide,  cihate;  cauline  leaves  few, 
reduced  in  size;  panicle  3-4  cm  long,  about  as  wide, 
axis  pilose;  spikelets  1.2-1.8  mm  long,  glabrous, 
obovate. 


Spring  Plant 


SPRING 


FALL 


HoM 
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Lance  Panicum — Dichanthelium  sabulorum  var.  patulum  (Scribn.  &  Merrill)  Gould  &  Clark— (Panicum  lan- 
cearium  Trin.) 


This  low  panicum  is  found  in  low,  moist,  sandy 
woods  of  the  Coastal  Plain,  primarily  in  the  pine  flat- 
woods  of  the  longleaf-slash  pine-wiregrass  type. 
Spring  clumps  have  numerous  erect  purplish  stalks 
about  1  foot  tall,  the  outer  bent  upward  at  the  lower 
joints.  Leaves  as  well  as  stems  may  turn  purple  as 
spring  foliage  matures.  Although  plants  appear  hair- 
less to  the  naked  eye,  stems  and  leaves  are  sparsely 
coated  with  short  gray  hairs. 

Spring  leaf  blades  are  1  to  2  inches  long.  Panicles 
£ire  about  2  inches  long  and  about  as  wide,  with  fine 
wavy  branches  and  spikelets  about  Vs  inch  long.  Fall 
foliage  branches  are  less  than  6  inches  long  with 
closely  spaced  blades  about  1  inch  long.  As  in  most 
low  panicums,  fall  seeds  are  on  reduced  axillary  pani- 
cles, partially  hidden  by  leaves. 

Range:  Coastal  Plain,  Texas  to  Florida  and  Mas- 
sachusetts. 


Perennial  (spring  phase).  Culms  20  -  50  cm  tall,  pub- 
erulent,  cespitose,  branching  from  base  only,  erect, 
outer  stems  decumbent  at  base;  blades  2-6  cm  long, 
3-7  mm  wide,  glabrous  on  upper  surface,  puberulent 
below;  panicle  3-6  cm  long,  2.5-5.0  cm  broad;  spike- 
lets  1.8-3.6  mm  long,  puberulent  or  occasionally 
glabrous. 


FALL 


Spring  Plant 


Hobit 
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Roundseed  Panicum — Dichanthelium  sphaerocarpon  (Ell.)  Gould  var.  sphaerocarpon—fPanicum  sphaero- 

carpon  Ell.) 


Although  roundseed  panicum  has  the  seasonal 
vegetational  variations  of  the  low  panicums,  its  fall 
and  spring  phases  do  not  differ  drasticeilly.  Thus,  fall 
leaves  are  not  greatly  reduced  or  crowded,  and  fall 
panicles  are  fully  exserted  above  the  leaves.  The 
short,  broad  leaves  of  the  winter  rosette  are  conspicu- 
ous. 

This  panicum  is  widely  distributed  through  the 
piney  woods  in  the  Southeast,  in  association  with  the 
bluestems.  In  the  northern  states,  it  grows  on  sandy 
woodland  soils.  Like  other  low  psmicums,  it  yields  Ut- 
ile forage,  but  quality  is  good. 

Roundseed  panicum  is  distinctive  because  of  its 
relatively  broad  leaves  and  tiny  spikelets.  Spring 
leaves  are  mostly  2  to  4  inches  long,  lance  shaped,  and 
about  V2  inch  wide.  Except  for  a  few  long  white  hairs 
at  the  leaf  blade  base,  the  plant  appears  almost  hair- 
less. Usually  there  is  no  Ugule.  When  fully  expanded, 
spring  panicles  are  conical  and  2  to  4  inches  long. 
Spikelets  are  generally  purple  and  about  Vie  inch 
long. 

A  veiriety,  Dichanthelium  sphaerocarpon  var.  iso- 
phyllum  (Scribn.)  Gould  &  Clark,  with  Izirger  leaves 
(to  10  inches  long  and  IVa  inches  wide)  and  larger 
inflorescences  (7  inches  long  and  3  inches  wide), 
grows  throughout  most  of  the  range  of  typical  round- 
seed  panicum. 

Range:  Practically  the  entire  eastern  half  of  the 
United  States  from  Texas  and  northern  Florida  to 
Kansas,  Michigein,  and  Vermont;  also  reported  from 
Mexico  to  Venezuela. 


Perennial  (spring  phase).  Culms  20-80  cm  tall, 
spreading,  sometimes  nearly  erect,  the  nodes 
appressed-pubescent;  sheaths,  the  upper  shorter,  the 
lower  longer  than  the  intemodes,  ciliate  on  the  mar- 
gin, sometimes  with  viscid  tubercles  between  the 
nerves;  ligule  obsolete  or  nearly  so;  mid-culm  blades 
5-10  cm  long,  6-11  mm  wide,  the  lowermost  and 
uppermost  shorter,  thick,  firm,  acuminate,  slightly 
narrowed  to  a  subcordate  base,  margins  cartilaginous 
and  stiffly  ciliate,  often  papillose;  inflorescence  a 
long-exserted  pemicle  5-10  cm  long,  nearly  as  wide, 
the  axis  and  ascending  branches  with  viscid  spots; 
spikelets  1.4-2.2  mm  long,  dark  purple,  green,  or 
white,  puberulent;  first  glume  about  one-fourth  the 
length  of  the  spikelet;  second  glume  and  sterile 
lemma  equaling  the  fruit  at  maturity,  5-  to  7 -nerved. 


SPRING      I         FALL 


Winter  rosette 


Habit 
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Spreading  Panicum — Panicum  anceps  var.  rhizomatum  (Hitchc.  &  Chase)  Fern. 


Although  some  recent  authors  (Gould  1975,  Allen 
1980,  Correll  and  Johnston  1970)  consider  spreading 
panicum  only  a  Coastal  Plain  variant  of  beaked  pani- 
cum, Panicum  anceps  Michx.,  others  (Radford  and 
others  1968,  USD  A  1982)  recognize  them  as  separate 
varieties.  The  criteria  used  to  sepairate  the  two  are: 


Variety        Panicle      Spikelet     Rhizome 

Range 

size 

nceps             open              2.5-          short 

through- 

3.8 mm 

out  SE 

U.S. 

hizomatum    more  or      <2.2-       elongate 

Coastal 

less                2.8  mm 

Plain 

contracted 

The  varietal  difference  is  probably  valid,  especieilly 
when  inland  specimens  from  Missouri  are  compared 
with  plzmts  from  the  lower  Coastal  Plain  of  Louisiana. 
However,  both  types  cem  be  lumped  under  P.  anceps 
without  fe£ir  of  error. 

Gaping  panicum  grows  on  the  same  sites  as 
spreading  panicum.  Although  the  two  are  similar, 
spikelets  of  spreading  panicum  sit  obliquely  on  pedi- 
cel tips,  while  those  of  gaping  panicum  sit  straight 
with  the  pedicel  axis.  Gaping  panicum  has  no  rhi- 
zomes. 

Spreading  panicum  grows  on  wet  sites  throughout 
pine  forests  of  the  lower  Coastal  Plain.  It  commonly 
inhabits  poorly  drained  flats,  shallow  depressions, 
drainageways,  and  stump  holes  on  open  sites  or  under 
moderate  pine  cemopies. 

Like  other  true  pemicums,  it  lacks  distinct  seasonal 
phases  and  flowers  only  once  a  ye2ir.  Seedsteilks  are 
generally  less  than  3  feet  tall,  from  long,  slender  rhi- 
zomes. Based  leaves  £ire  usuedly  numerous;  the  blades 
measure  about  V2  inch  wide  and  a  foot  or  more  in 
length.  Close  grazing  causes  basal  tufts  to  spread 
widely,  the  prostrate  leaves  forming  a  dense  cover 
over  small  areas. 

Spreading  pginicum  is  readily  eaten  by  cattle.  Even 
on  moderately  grazed  range,  plants  usually  are 
closely  utUized.  The  species  withstemds  heavy  use, 
but  is  rarely  abundant  except  on  smeill  Eireas,  and 
hence  contributes  only  small  quantities  of  forage. 

Range:  Coastal  Plain,  Texas  to  Florida,  extending 
north  to  Maryland,  inland  to  Tennessee. 


Perennial.  Culms  50-100  cm  tall,  compressed,  from 
slender,  scaly  rhizomes;  sheaths  crowded  at  the  base, 
glabrous  to  densely  papillose-villous,  particularly  vil- 
lous at  the  collar;  ligule  short,  almost  obsolete,  with  a 
dense  area  of  hairs  above  it;  blades  10-40  cm  long, 
erect  or  spreading,  5-10  mm  wide,  glabrous  to  vil- 
lous on  both  surfaces;  inflorescence  a  terminal  panicle 
10-25  cm  long,  somewhat  contracted  emd  densely 
flowered;  spikelets  2.2  -  2.8  mm  long,  obliquely  set  on 


Habit 


their  appressed,  scabrous  pedicels;  first  glume  one- 
third  to  one-half  as  long  as  the  lemma,  with  a  promi- 
nent scabrous  keel;  second  glume  and  sterile  lemma 
subequal,  slightly  beaked;  floret  about  1.9  mm  long, 
ovoid,  pale  and  shining,  tipped  with  a  group  of  min- 
ute, thick  hairs. 
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Maidencane — Panicum  hemitomon  Schult. 


Maidencane  or  "paille  fine"  as  it  is  called  in  Louis- 
iana and  east  Texas,  is  a  weirm-season  perennial  grass 
important  on  freshwater  meirshes  and  open,  wet  sites 
in  the  Coastal  Pledn.  It  spreads  by  underground  run- 
ners eind  may  occur  in  extensive,  almost  pure  stands. 
Stems,  some  sterile,  some  producing  seed  heads,  are 
20  to  60  inches  tall.  Sterile  stems,  which  produce  no 
seed  heads,  have  hairy  leaf  sheaths;  stems  producing 
seeds  are  hairless. 

When  not  killed  by  frost,  maidencane  produces 
high  quality  forage  yearlong.  In  Louisiana  marshes, 
earthen  walkways  are  often  constructed  to  allow  cat- 
tle easier  access  to  the  wet  sites  occupied  by  this 
grass.  Periods  of  high    water     during  summer 

months  provide  marsh  ranges  a  natural  grazing 
deferment.  Overgrazing  can  be  very  detrimental  to 
n^dencane,  esi>ecially  if  sites  £ire  abnormally  dry. 

Maidencane  yields  4  to  5  tons  per  acre  of  high  qual- 
ity herbage.  When  cut  in  the  young  growth  stage,  it 
makes  excellent  hay.  Mature  herbage,  though 
tougher  and  less  palatable  than  spring  growth,  may 
contedn  over  9  percent  protein. 

Rnnge:  Coastal  Plain,  Texas  to  Florida,  extending 
north  to  New  Jersey;  reportedly  collected  also  in 
Tennessee. 


Perennial.  Culms  rhizomatous,  sterile  stalks  with 
densely  hirsute  sheaths,  fertile  stalks  50-150  cm  tall 
with  glabrous  sheaths;  blades  10  -  25  cm  long,  5-15 
mm  wide,  glabrous;  panicle  15-30  cm  long,  branches 
appressed,  2-10  cm  long;  spikelets  2.4-2.7  mm 
long,  lanceolate;  first  glume  about  half  the  length  of 
spikelet,  acute. 
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Torpedograss — Panicum  repens  L. 


Torpedograss  is  a  familiar  grass  on  gulf  coastal 
beaches,  where  it  is  a  major  natureil  factor  in  stabiliz- 
ing sand  dunes.  Rigid  stalks  1  to  4  feet  tall  rise  from 
the  nodes  of  extensively  creeping  rootstocks,  which 
also  may  root  at  the  nodes.  Seed  heads  eire  open,  3  to 
5  inches  long,  with  ascending  branches.  The  common 
name  was  derived  from  the  sharp-pointed  rhizomes. 
Torpedograss  grows  inland  on  ditch  and  canal  banks, 
often  extending  into  the  water.  It  invades  cultivated 
cropland  on  moist  fertile  sites  and  thrives  as  a  pas- 
ture plant. 

Foliage  is  gray-green  to  blue-green  and  practically 
hairless.  Leaves  are  palatable  to  cattle  and  nutritious. 
Although  foliage  is  easily  killed  by  frost,  dry  grass  in 
winter  retains  a  relatively  high  nutrient  content. 

Torpedograss  is  a  member  of  the  true  panicum 
group,  and  is  closely  related  to  switchgrass.  The 
stout,  sh£irp-pointed  rhizomes,  however,  distinguish 
torpedograss  from  any  other  similar  grass. 

Range:  Gulf  coast,  Texas  to  Florida. 


Perennial:  Culms  erect,  rigid,  30-100  cm  tall  from 
extensively  creeping  horizontal  rootstocks;  roots- 
tocks with  bladeless  sheaths  from  nodes;  sheaths 
(culm)  more  or  less  pilose;  blades  flat  or  folded,  2-5 
mm  wide,  linear-lanceolate,  sparsely  pilose  to  gla- 
brous; llgule  membranaceous,  cihate;  panicle  open, 
7-12  cm  long,  branches  somewhat  distant,  stiffly 
ascending;  spikelets  2.2-2.5  mm  long,  ovate,  pale, 
turgid,  strongly  5-  to  9-nerved,  glabrous,  pointed; 
first  glume  truncate,  about  one-fifth  as  long  as  the 
spikelet. 
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Bluejoint  Panicum — Panicum  tenerum  Beyr. 


Bluejoint  panicum  is  a  wiry  perennial  bunch  grass 
of  the  true  panicum  group,  with  erect  stems  about  2 
feet  tall  arising  from  a  knotted  crown.  Fohage  is  hair- 
less, and  the  nodes,  or  joints,  are  smooth  and  blue  or 
purple  in  color,  giving  plants  a  distinctive  "bluejoint" 
appeeirance.  The  plant  grows  on  a  variety  of  wet  sites 
along  the  gulf  and  Atlantic  coasts. 

Cattle  graze  bluejoint  panicum  in  the  spring  before 
foliage  matures.  Regrowth  following  a  spring  burn  is 
palatable,  but  by  late  summer  even  burned  herbage  is 
tough  and  wiry.  On  slough  sites  in  good  condition,  it 
may  contribute  up  to  35  percent  by  weight  of  the 
total  herbage. 

Flower  stalks  are  produced  from  June  through 
August.  The  inflorescence  consists  of  one  to  severed 
ascending  branches  about  3  inches  long,  with  smedl, 
crowded  spikelets.  Branches,  which  may  be  terminal 
or  axillEiry  or  both,  are  often  only  slightly  exserted 
from  leaf  sheaths.  Appearance  of  the  inflorescence, 
edong  with  the  wiry  leaves  and  stems,  may  lead  to 
confusion  with  some  of  the  dropseeds  (Sporobolus 
spp.).  Bluejoint  panicum,  however,  has  a  typical  true 
panicum  spikelet;  the  first  glume  is  about  hali  the 
length  of  the  spikelet,  with  a  strongly  nerved  and 
pointed  second  glume  and  sterile  lemma. 

Range:  Near  the  coast,  Texas  to  Florida  and 
North  Carolina. 


Perennial.  Culms  wiry,  in  small  tufts  from  a  knotted 
crown  40-90  cm  tall;  nodes  glabrous,  purple  or 
bluish;  lower  sheaths  pubescent  with  spreading  hairs 
toward  summit;  blades  4-15  cm  long,  2-4  mm  wide, 
ascending  or  erect,  sub-involute,  pilose  on  the  upper 
surface  toward  base,  glabrous  beneath;  panicles  3-8 
cm  long,  0.5  -  1.0  cm  wide,  very  slender,  terminal  and 
axillary,  branches  ascending  to  appressed;  spikelets 
2.2-2.8  mm  long,  pointed,  glabrous;  fruit,  brownish, 
shiny. 


I  ( 
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Warty  Panicum — Panicum  verrucosum  Muhl. 

This  annual  of  the  true  panicum  group  is  a  sprawl- 
ing grass  with  culms  up  to  5  feet  long  branching  and 
rooting  at  the  nodes.  It  inhabits  moist  sandy  sites 
£ind  is  most  abundant  in  the  understory  of  open 
woods.  Foliage  is  lax,  hairless,  and  light  green  with 
white  midribs  in  the  blades  and  white  veins  in  the 
sheaths.  Basal  joints  are  bent  and  the  lower  joints  of 
the  stem  are  purple.  The  upper  stem  is  hidden  by  the 
sheaths.  Blades  are  2  to  8  inches  long  and  Vs  to  %  inch 
wide. 

The  panicle  is  2  to  12  inches  long  with  numerous 
ascending  branches.  Spikelets,  borne  on  short 
appressed  branchlets  on  the  outer  half  of  the  main 
branches,  are  about  Vie  inch  long  and  green.  The  outer 
bracts  are  covered  with  small  tubercles,  giving  spike- 
lets  a  "warty"  appearance. 

Seeds  of  warty  panicum  usually  germinate  by 
March,  and  plants  are  tall  enough  to  furnish  some 
grazing  by  May.  The  grass  provides  excellent  forage 
through  September.  Seeds  are  eaten  by  quail  and 
other  birds. 

Before  seedheads  form,  warty  panicum  may  be 
confused  with  crabgrasses,  Digitaria  spp.,  which 
have  a  similar  sprawling  growth  habit.  A  close  rela- 
tive, pimple  panicum,  Panicum  brachyanthum 
Steud.,  occurs  in  sandy  sites  in  Texas,  Oklahoma, 
Arkansas,  and  Louisiana.  It  is  also  an  annual,  but 
wiry,  with  very  narrow  leaves,  and  is  practically 
worthless  as  forage.  Pimple  panicum  has  fewer 
branches,  and  spikelets  are  hairy  as  well  as  warty. 

Range:  Texas  and  Arkansas  to  Florida,  Michigan, 
and  Massachusetts. 


Annual.  Culms  to  150  cm  long,  nodes  glabrous  and 
purple,  hidden  by  sheaths  except  near  base,  lower 
stems  decumbent,  rooting  at  nodes;  foliage  lax,  light 
green,  glabrous;  sheaths  with  white  veins;  blades 
5-20  cm  long,  4-10  mm  wide,  with  white  midrib; 
panicles  5-30  cm  long,  about  as  wide,  with  ascend- 
ing compound  branches;  spikelets  few  (usually  two)  at 
tip  of  branches  and  branchlets;  1.8-2.1  mm  long, 
elliptic-obovate,  tuberculate. 
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Switchgrass — Panicum  virgatum  L. 


Switchgrass  is  one  of  the  true  panicums,  having  no 
seasonal  phases  and  flowering  only  in  late  summer  or 
early  fall.  It  is  among  the  tallest  panicums  in  the 
South,  averaging  3  to  4  feet  tall  on  forest  range,  but 
reaching  6  to  7  feet  on  favorable  sites.  Switchgrass  is 
highly  variable,  however,  and  small,  fine-stemmed 
specimens  may  be  encountered. 

Because  plants  spread  by  numerous  scaly  rhi- 
zomes, switchgrass  often  forms  large,  dense  colonies. 
It  is  usually  sparse  on  well-drained  range  sites,  but  on 
moderately  wet  sandy  soils  it  may  be  the  dominant 
grass.  Tolerance  of  shade  renders  this  grass  poten- 
tially important  for  grazing  under  young  pines  and  in 
stands  that  have  been  thinned  several  times.  Before 
fohage  matures,  cattle  prefer  it  to  most  associated 
species.  Where  it  comprises  a  minor  part  of  the  for- 
age, therefore,  it  is  overgrazed.  Switchgrass  also  has 
value  for  wildlife.  Birds  eat  the  seeds,  and  deer  report- 
edly paw  up  and  eat  the  rhizomes  when  winter  food  is 
sceirce. 

Plants  are  generally  hairless  except  for  dense  white 
hairs  behind  the  ligules  and  scattered  hairs  on  the 
bases  of  leaf  blades.  The  inflorescence  is  an  open  pani- 
cle V2  to  1 V2  feet  long  with  ascending  branches.  Dried 
panicles  persist  on  stiff,  stout  flower  stalks  through 
the  winter  and  well  into  the  next  growing  season, 
providing  a  rehable  guide  to  identification.  Spikelets 
are  up  to  ^/i6  inch  long,  among  the  largest  in  southern 
panicums. 

Beaked  panicum  and  spreading  panicum,  though 
similar  in  form,  are  usually  smedler  throughout.  These 
are  distinguishable  from  other  panicums  by  the 
gleaming  white  midribs  of  their  leaf  blades  and  satiny 
sheath  linings.  While  foliage  of  switchgrass  resem- 
bles that  of  yellow  indiangrass,  the  latter  can  be  iden- 
tified by  prominent  auricles  at  its  leaf  collars. 

Range:  Throughout  the  United  States  except 
Idaho,  Montana,  and  the  Pacific  States. 


Perennial.  Culms  1  -  2  m  tall,  terete,  robust,  erect, 
soUtary  or  in  clumps  from  long,  hard,  scaly  rhizomes; 
sheaths  green  to  purple  tinged,  often  glaucous, 
gleaming  white  within,  mostly  glabrous,  though 
sometimes  pilose;  ligule  membranous-cihate,  a  pale 
tan  to  brown  membrane  1-2  mm  long  with  a  dense 
mass  of  fine,  white  hairs  on  the  back  and  arising  from 
it,  3-7  mm  long,  the  membrane  sloughing  off  with 
age  to  leave  a  dense  ring  of  hairs;  blades  3-15  mm 
wide,  often  glaucous,  10-60  cm  long,  with  a  promi- 
nent, wide,  white  midrib,  ascending,  taper-pointed, 
mostly  glabrous  but  sometimes  pubescent  to  pilose 
on  both  surfaces,  margins  scabrous;  inflorescence  a 
long-exserted  open  panicle  15-50  cm  long  with 
ascending  branches;  spikelets  3.5-5.0  mm  long, 
ovoid,  acuminate,  with  prominent  nerves;  first  glume 
shorter,  second  glume  longer  than  the  sterile  lemma; 
floret  narrowly  ovoid,  2.6-3.8  mm  long  or  about 
three-fourths  the  length  of  the  spikelet. 
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Gaping  Panicum — Steinchisma  hians  (Ell.)  Nash— (Pa/z/cum  hians  Ell.) 


An  old  name,  Steinchisma  hians,  was  restored  as 
the  preferred  synonym  in  the  "Nationgd  List  of  Scien- 
tific Plant  Names"  (USDA  1982).  No  new  common 
name  was  proposed,  however,  so  the  grass  will  proba- 
bly continue  to  be  known  as  gaping  panicum.  In  this 
h£indbook  it  is  included  with  the  true  panicums. 

Gaping  panicum  grows  to  2  feet  tall  in  ditches, 
stumpholes,  on  pond  or  stream  margins,  and  other 
moist  sites.  It  is  a  common  grass  on  such  sites  from 
the  desert  southwest  to  the  Atlantic  coast,  but  sel- 
dom grows  in  abundance.  Flowering  begins  in  late 
spring  and  many  plants  mature  seed  by  mid-summer. 
Forage  value  is  considered  only  fair,  although  new 
growth  in  spring  or  following  fire  is  grazed  readily  by 
cattle. 

Gaping  panicum  leaves  are  2  to  6  inches  long  £ind 
less  than  V4  inch  wide.  Growth  form  varies  from 
upright  clumps  of  erect,  narrow  leaves  to  sprawling 
or  prostrate  plants  with  relatively  broad,  lax  blades. 
The  inflorescence  is  an  open  panicle,  with  few  widely 
spaced  branches.  Small  short-stalked  spikelets  are 
crowded  on  the  outer  half  of  each  branch.  The  inflo- 
rescence resembles  that  of  longleaf  wedgescale, 
Sphenopholis  filiformis  (Chapm.)  Scribn.,  a  common 
grass  on  dry  sites  throughout  the  Southern  states. 
The  spikelet  of  gaping  panicum  is  unique;  a  sterile 
bract  (palea)  is  inflated  and  hardened,  appearing 
almost  as  a  second  grain. 

Range:  New  Mexico  and  Missouri  to  Florida  eind 
Virginia. 


Perennial.  Culms  20  -  60  cm  tall,  erect  or  sometimes 
decumbent  or  prostrate;  sheaths  shorter  than  inter- 
nodes,  ciliate  or  pilose  near  collar;  blades  5-15  cm 
long,  pilose  to  glabrous,  about  6  mm  wide;  panicle 
loose  and  open,  5-20  cm  long,  primary  branches  few, 
ascending  to  drooping;  spikelets  glabrous,  2.2  -  2.4 
mm  long,  about  as  wide  and  thick  as  long  at  maturity, 
falling  entire;  sterile  palea  inflated,  indurate  at  matu- 
rity; grain  about  1.5  mm  long. 


STERILE   PALEA 
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Paspalum  Grasses — (Paspaium  spp.) 

The  paspalums  constitute  the  second  largest  group 
of  grasses  in  the  southeastern  United  States,  with 
approximately  50  species.  Many  have  ranges  extend- 
ing into  Mexico,  Central  and  South  America,  and  the 
Caribbean  Islands.  Included  are  several  species  intro- 
duced from  South  America  into  the  southern  United 
States  as  pasture  grasses.  Vaseygrass,  Paspalum 
urvillei  Steud.,  daUisgrass,  P.  dilatatum  Poir.,  and 
bahiagrass,  P.  notatum  Fluegge,  are  notable  exam- 
ples. The  latter  two  species  can  be  troublesome  weeds 
in  lawns  across  the  South. 

Paspalums  occur  on  a  variety  of  sites.  Species  on 
upland  range  usually  grow  as  scattered  clumps  or 
individual  plants  and  do  not  produce  abundant  for- 
age. New  growth  is  palatable  and  relatively  high  in 
nutrients,  but  plants  mature  early,  £ind  the  mature 
foliage  weathers  rapidly.  Paspalums  are  most  abun- 
dant and  robust  where  plant  competition  is  light,  as 
on  firelines  and  roadsides. 

The  paspalum  inflorescence  usually  consists  of  one 
to  several  racemes,  each  with  spikelets  in  rows  along 
the  lower  side.  In  prevalent  native  species,  only  one 
raceme  originates  from  a  given  point  on  the  main 
axis.  These  often  extend  in  a  common  direction,  mak- 
ing the  inflorescence  one  sided.  Grains  are  flat  on  one 
side,  convex  on  the  other. 

Flowers  of  several  paspalums  are  often  infected  by 
ergot,  produced  by  a  fungus  (Clauiceps  paspali  F.  S. 
Stevens  and  J.  G.  Hall)  that  attacks  and  destroys  the 
immature  grain.  Other  fungi  sometimes  grow  on  the 
"honey dew"  exuded  by  the  ergot  and  produce  a  vari- 
ety of  colors  in  the  seed  heads.  Although  ergot  is 
toxic  to  cattle,  danger  of  ergot  poisoning  is  slight  on 
properly  managed  ranges,  as  paspalums  usually 
comprise  a  small  part  of  the  diet. 
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Florida  Paspalum — Paspalum  floridanum  Michx.  var.  floridanum 


Florida  paspalum  is  one  of  the  most  robust  grasses 
on  southern  pine  ranges.  It  averages  3  feet  tall,  but 
some  plants  may  reach  6  feet  or  more.  Leaves,  which 
are  mostly  basal,  ascend  stiffly.  Blades  are  up  to  20 
inches  long  and  %  inch  wide.  The  dark  green  foHage  is 
usually  densely  hairy,  but  occasional  specimens  are 
almost  hairless.  Each  stalk  has  two  to  five  thick 
racemes,  each  about  3  inches  long. 

This  grass  thrives  on  disturbed  sites  such  as  fire- 
lines,  road  ditches,  and  stump  holes.  On  undisturbed 
range,  it  prefers  moist,  well-drained  soils,  but  also 
grows  on  dry  sandy  sites  and  poorly  drained  flats. 
Under  light  competition,  plants  spread  by  stout, 
scaly  rhizomes  to  form  large,  loose  bunches;  in  dense 
bluestem  stands  clumps  are  small. 

Florida  paspalum  is  readily  distinguishable  from 
other  paspgilums  on  longleaf  pine  ranges  by  its  robust 
habit,  large  spikelets,  and  long,  broad  leaves.  Until 
inflorescences  appear  in  early  summer,  the  species 
may  be  confused  with  big  bluestem.  Thereafter,  and 
where  old  seedstalks  persist,  Florida  paspalum  can  be 
distinguished  by  the  conspicuously  zigzag  rachises  of 
the  shattered  racemes.  Vegetative  differences  are 
described  under  big  bluestem.  An  even  more  robust 
form  with  hairless,  chalky  foliage,  Paspalum  flori- 
danum var.  glabratum  Engelm.  ex  Vasey,  is  com- 
monly found  in  brackish  marshes  along  the  Atlantic 
and  gulf  coasts  and  may  be  found  as  a  weed  on  wet 
sandy  sites  throughout  the  range  of  typical  Florida 
paspalum. 

The  young  leaves  are  palatable  and  nutritious.  As 
plants  mature,  the  foliage  becomes  tough  and  less 
palatable.  The  grain,  which  is  among  the  largest  of 
southern  range  grasses,  is  eaten  by  quail,  doves,  and 
turkey. 

Range:  Texas  to  Florida,  extending  north  to  Mis- 
souri and  Maryland. 


Perennial.  Culms  1  -  2  m  tall,  solitary  or  sparse  from 
robust,  scaly  rhizomes;  sheaths  keeled,  overlapping 
below,  glabrous  to  villous,  sometimes  papillose;  ligule 
a  firm  brown  membr£ine  2-3  mm  long;  blades  15-50 
cm  long,  4-10  mm  wide,  usually  villous  on  the  upper 
surface  near  the  base,  ascending,  firm,  flat  or  folded, 
the  upper  ones  reduced  in  size;  inflorescence  of  two  to 
five  racemes  4-12  cm  long;  spikelets  4  mm  long, 
crowded,  ovoid,  pale,  and  glabrous,  usually  in  pairs, 
on  each  side  of  a  zigzag  rachis,  but  one  sometimes 
absent  or  rudimenteiry;  first  glume  wanting;  second 
glume  and  sterile  lemma  equal,  scarcely  covering  the 
fruit  at  maturity;  grain  3.0  -  3.5  mm  long,  ovoid,  hght 
brown,  minutely  papillose,  striate. 
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Brownseed  Paspalum — Paspalum  pUcatulum  Michx. 

Brownseed  paspalum  grows  in  forest  openings  and 
on  cutover  lands  throughout  the  South.  It  invades 
where  the  soil  has  been  disturbed  and  on  areas  that 
have  been  heavily  grazed.  Preferred  sites  include  wet 
meadows,  drainageways,  and  roadside  ditches,  where 
pleints  spread  by  rhizomes  to  form  dense  colonies.  It 
is  rare  under  well-stocked  timber  stands. 

Plants  produce  several  seedstalks  from  1  to  3  feet 
tall.  Each  stalk  bears  several  slender  racemes  1  to  4 
inches  long.  Spikelets  are  in  two  rows  on  the  lower 
side  of  a  flattened,  zigzag  axis.  Grains  are  about  '/s 
inch  long,  medium  to  dark  brown,  and  shiny.  In 
mature  plants,  grain  color  readily  distinguishes 
brownseed  paspalum  from  other  paspalum  grasses. 
FoUage  is  green  to  gray  green  or  blue  green.  Leaves 
are  firm  to  wiry,  with  blades  up  to  18  inches  long. 

The  common  occurrence  of  brownseed  paspalum 
along  roadways  and  firebreaks  within  forests  may 
exaggerate  its  abundance.  Plants  are  sparse  on  most 
forest  range  sites,  thus  this  species  normally  contrib- 
utes only  a  minor  part  of  the  cattle  diet.  The  foliage 
becomes  tough  and  low  in  palatability  by  midseason, 
but  because  leaves  frequently  remain  green  through 
much  of  the  winter,  cattle  may  eat  large  amounts 
after  frost  kills  back  other  grasses.  In  Florida,  brown- 
seed paspalum  is  one  of  the  more  palatable  grasses. 

Extensive  stands  should  not  be  grazed  when  spike- 
lets  are  heavily  infected  with  ergot.  Grazing  may  be 
resumed  with  little  risk  after  seed  heads  shatter. 

Birds  eat  the  grain,  but  ergot  makes  the  supply 
unreHable. 

Range:  Coastal  Plain,  Texas  to  Florida  and  Geor- 
gia. 


Perennial.  Culms  50  -  100  cm  tall,  in  tufts  with  many 
leafy  shoots,  erect  or  ascending  from  a  slightly 
decumbent  base;  sheaths  keeled,  the  lower  crowded, 
glabrous  to  papillose-pilose  along  margins  and  keel, 
or  rarely  hirsute  throughout;  ligule  a  pointed,  pale- 
brown  membreine  2-3  mm  long;  blades  8-45  cm 
long,  3-10  mm  wide,  basal  ones  folded,  upper  ones 
flat  and  usually  greatly  reduced  in  length,  glabrous, 
but  pilose  at  the  base;  inflorescence  of  three  to  eight 
racemes,  each  3-10  cm  long;  spikelets  2.5  -  2.8  mm 
long,  ovoid,  brown  at  maturity;  first  glume  wanting; 
the  glabrous  or  appressed-pubescent  second  glume 
and  transversely  wrinkled  sterile  lemma  equal,  both 
thin  and  5-nerved;  grain  2.3-2.5  mm  long,  ovoid, 
brown,  2md  shining. 
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Fringeleaf    Paspalum — Paspalum   setaceum  var.   ciliatifolium   (Michx.)   Yasey—(Paspalum   ciliatifolium 

Michx.) 


Fringeleaf  paspalum,  hurrahgrass,  and  barestem 
paspsdum  are  closely  related  and  intergrading  species 
that  were  combined  with  a  few  other  species  under 
Paspalum  setaceum  Michx.  (Banks  1966).  Separate 
taxa  were  maintained  by  assigning  them  as  varieties. 
Several  recent  pleint  meinuals  recognize  only  the  spe- 
cies, thus  lumping  all  the  varieties  (Radford  and  oth- 
ers 1968,  Allen  1980).  While  sepau-ation  may  no  longer 
be  practical  in  forage  management,  the  grasses  are 

[  described  as  separate  varieties  in  this  book. 

I  Fringeleaf  paspalum  is  one  of  the  smallest  native 
pasp£ilums.  The  slender  flower  stalks  occasionally 
exceed  2  feet,  but  at  this  length  they  rarely  stand 
erect.  Leaves  are  mostly  basal,  often  spreading  zdong 
the  ground.  Light  green  blades,  usually  less  than  8 
inches  long,  are  often  twisted.  The  flower  stalk  ends 
in  an  inflorescence  of  one  to  three  slender  racemes, 
each  1  !/2  to  4  inches  long.  In  addition,  there  are  axil- 
lEiry  inflorescences,  usually  enclosed  or  half  hidden  in 
leaf  sheaths.  The  grain  is  smooth,  pale,  £ind  small— 
Vi6  inch  or  less  in  length. 

Growth  habit  and  foliage  of  fringeleaf  paspalum 
resemble  those  of  some  of  the  crabgrasses,  Digitaria 
spp.,  which  may  inhabit  the  same  site.  Hairs  are  only 
on  the  margins  of  fringeleaf  paspalum  leaf  blades; 
hairs  of  crabgrass  blades,  if  present  at  all,  grow  from 
surfaces  as  well  as  mzu-gins.  Through  most  of  the 
growing  season  they  can  be  distinguished  by  florzd 
characteristics.  Crabgrasses  have  only  terminal 
racemes— generally  three  or  more. 

Fringeleaf  paspalum  grows  almost  exclusively  on 
disturbed  sandy  sites.  It  is  never  abundant  and  hence 
not  an  importfuit  forage  producer,  even  though  palat- 
able. 

Range:  Texas  to  Florida,  extending  north  to  Min- 
nesota and  New  Jersey. 


Perennial.  Culms  20  -  90  cm  tall,  erect,  or  spreading 
from  a  knotted  base,  lower  parts  brown  or  purplish; 
sheaths  keeled,  glabrous,  or  the  lower  ones  puberu- 
lent,  glabrous,  or  ciliate  along  the  overlapping  mar- 
gins; ligule  membranous,  short,  backed  by  a  ligular 
peard  1-3  mm  long;  blades  ascending  or  spreading, 
10-35  cm  long,  7-12  mm  or  rarely  20  mm  wide, 
asually  strongly  ciliate  to  ciliate-papillose  edong  the 
andulate  margin,  otherwise  glabrous,  flat,  acuminate 
at  the  apex,  rounded  to  subcordate  at  the  base;  inflo- 
escence  of  one  to  three  terminal  racemes,  each  5-10 
:m  long,  axillary  raceme  may  be  hidden  in  sheath; 
;pikelets  about  2  mm  long,  suborbicular;  first  glume 
vanting;  second  glume  slightly  shorter  than  the  ste- 
ile  lemma,  exposing  the  fruit  at  maturity,  second 
;lume  and  sterile  lemma  both  3-nerved,  the  former 
jlabrous  to  minutely  pubescent  with  obscurely  capi- 
ate  heiirs,  sometimes  minutely  and  dimly  speckled; 
jrain  about  the  size  and  shape  of  the  spikelet,  pale 
'ellow,  smooth,  and  shining. 
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Barestem   Paspalum — Paspalum  setaceum  var.  longepedunculatum  (LeConte)  Wood— (P.  longepeduncu- 

latum  LeConte) 


The  common  name  for  this  grass  was  inspired  by 
the  long,  slender,  naked  seedstalks  (peduncles)  which 
emerge  from  the  upper  leaf  sheaths,  supporting  the 
terminal  racemes  as  high  as  one  foot  above  the  upper- 
most leaf.  A  single  stalk,  terminated  by  one  or  two 
racemes,  usually  emerges  fully,  while  others  may  be 
hidden  in  sheaths.  Plants  range  in  height  from  8 
inches  to  over  2  feet.  It  is  found  on  low  sandy  pine- 
lands  throughout  the  South  but  is  perhaps  most 
common  and  important  on  the  pine  flatwoods  of 
Georgia  £md  Florida.  As  with  most  paspalums,  how- 
ever, plants  are  seldom  found  in  abundance  on  undis- 
turbed range.  The  largest  number  of  plants  are  found 
on  disturbed  sites  where  plant  competition  has  been 
reduced.  Plants  occur  as  clumps  of  a  few  to  many 
stems  arising  from  a  knotty  base,  growing  outwEird 
and  bending  upward  at  the  lower  joints. 

Although  forage  value  is  considered  only  fair 
because  of  the  Umited  quamtity  produced,  seeds  are 
eaten  by  quail  and  doves.  Seeds  mature  by  midsum- 
mer, and  plants  provide  poor  winter  forage. 

Fringeleaf  paspalum  is  most  Ukely  to  be  mistaken 
for  barestem  paspalum;  both  have  cihate  hairs  on  the 
margins  of  leaf  blades,  which  are  otherwise  hairless. 
Spikelets  of  fringeleaf  are  larger  and  sometimes 
hairy;  those  of  barestem  are  smooth.  Leaf  blades  of 
barestem  are  2  to  4  inches  long  and  '/s  to  H  inches 
wide;  fringeleaf  blades  may  be  over  4  inches  long. 
Other  similar  paspalums  are  generally  hairy  through- 
out. The  slender  racemes,  small  spikelets,  and  low 
foliage  habit  are  also  typical  of  some  of  the  crab  - 
grasses. 

Range:  Coastal  Plain,  Mississippi  to  Florida  and 
North  Carolina. 


Perennial.  Culms  one  to  several  from  short  rhizomes, 
ascending  to  erect,  20  -  80  cm  tall,  glabrous;  sheaths 
ciliate  on  margin,  purplish  with  age;  blades  ciliate  on 
margins,  4-10  cm  long,  3-8  mm  wide;  ligule  a  short, 
brown  membrane  with  a  ring  of  white  hairs;  racemes 
one  to  several,  3-8  cm  long,  terminating  slender 
elongate  peduncles,  axillary  raceme  may  be  hidden  in 
sheaths;  spikelets  glabrous,  elliptic-obovate,  1.5-2.0 
nmi  long,  1.0-1.2  mm  wide. 
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Hurrahgrass — Paspalum  setaceum  var.  muhlenbergii  (Nash)  Banks— (Paspalum  pubescens  Muhl.) 


Hurrahgrass  is  a  small  paspalum  grass  frequently 
encountered  throughout  the  South  but  seldom  abun- 
dant. It  is  found  most  often  on  disturbed  sandy  sites 
growing  as  scattered  individuals,  sometimes  in  dense 
clumps.  Flowering  plants  are  about  2  feet  tedl,  with 
ascending  stalks.  Foliage  is  usually  covered  with 
erect  but  soft  hairs,  but  some  plants  are  almost  com- 
pletely hairless. 

As  in  other  varieties  of  Paspalum  setaceum, 
racemes  are  slender  and  usually  about  2  V2  to  3  inches 
long.  Each  stalk  is  terminated  by  a  single  raceme, 
although  there  may  be  one  or  two  hidden  below.  Flow- 
ering branches  also  may  emerge  from  the  upper 
sheaths.  Spikelets  are  hairless,  almost  round  and 
about  V16  inch  long.  Seed  are  eaten  by  birds,  but  the 
plant  is  not  abundemt  enough  to  be  considered  a 
major  wildlife  food  plant. 

Fringeleaf  paspalum  emd  barestem  pasp2dum  have 
approximately  the  same  range  as  hurrahgrass  and 
occur  on  similar  sites.  Leaf  blades  of  both  Eire  essen- 
tially hairless,  however,  and  spikelets  are  slightly 
smaller  than  those  of  hurrahgrass. 

Range:  Texas  and  Kzmsas,  extending  to  Florida, 
MichigEm,  and  Vermont. 


Perennial.  Culms  ascending,  branching  at  base,  from 
short  rhizomes,  45  -  90  cm  tall;  sheaths  usually  pilose 
toward  summit,  occasionally  glabrous;  blades  8-20 
cm  long,  2-10  mm  wide,  pilose  on  both  surfaces; 
racemes  one  to  three  terminal,  4-17  cm  long,  one  or 
more  hidden  in  sheath;  spikelets  about  2  mm  long, 
suborbicular,  usually  glabrous. 
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Miscellaneous  Grasses 


Although  the  bluestems,  panicums,  and  paspal- 
ums  account  for  most  grass  forage  on  southern  pine 
forest  range,  many  other  grass  genera  are  repre- 
sented, often  by  a  single  species.  Few  are  important 
forage  plants.  Some  are  grazed  only  when  other  for- 
age is  unavailable;  others,  though  readily  eaten  by 
cattle,  either  are  widely  scattered  individuals  or  grow 
abundantly  only  on  certain  sites. 
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Goobergrass — Amphicarpum  muhlenbergianum  (Schult.)  Hitchc. 


Goobergrass,  known  also  as  blue  maidencane,  is  a 
warm-season  perennial  grass  found  on  wet  sites,  such 
as  low  pine  forests  and  pond  or  marsh  shores.  Its 
range  is  limited  to  the  Coastal  Plain  of  the  four  south- 
easternmost  states.  Spikelets  produced  in  the  ter- 
minal panicle  are  perfect  but  do  not  produce  seed. 
Seed  are  produced  on  underground  branches  by  spike- 
lets  that  do  not  open.  This  similarity  to  the  common 
peanut  or  "goober,"  Arachis  hypogaea  L.,  inspired 
the  common  name. 

Stalks  arise  from  a  slender  rhizome,  producing  a 
spikelike  panicle  about  5  inches  long,  with  few  flow- 
ers. Plants  are  1  to  3  feet  tall,  with  decumbent  stems. 
Leaves  are  about  2V2  inches  long  and  V4  inch  wide. 
They  are  hairless  except  for  occasional  marginal 
hairs.  Blades  are  conspicuously  white-margined. 

Goobergrass  grows  in  pure  stands  on  wet  sandy 
flats,  shallow  ponds,  or  sloughs;  it  will  not  grow 
where  water  depth  permanently  exceeds  6  or  8  inches. 
Cattle  graze  it  yearlong  and  deer  utilize  it  in  winter. 

A  hairy  annual  species,  Amphicarpum  purshii 
Kunth,  grows  from  Georgia  to  New  Jersey. 

Range:  South  Alabama,  Florida,  coastal  Georgia, 
and  southeastern  South  Carolina. 


Perennial.  Culms  usually  decumbent  at  base,  30-100 
cm  tall,  rhizomatous;  leaves  firm,  blades  white-meir- 
gined  when  dry,  10  cm  or  less  in  length,  5-10  mm 
wide;  panicle  narrow,  long-exserted,  few-flowered; 
spikelets  narrowly  lanceolate,  6-7  mm  long,  subter- 
ranean spikelets  6-9  mm  long. 
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Green  Silkyscale — Anthaenantia  villosa  (Michx.)  Beauv. 


Green  silkyscale  is  most  common  on  longleaf-slash 
pine  range.  It  grows  on  sandy  sites,  frequently  in 
association  with  Elliott  bluestem  and  paintbrush 
bluestem. 

Mature  plemts  are  about  3  feet  teill  and  spread  by 
short  rhizomes.  In  heavy  bluestem  stands,  they 
usually  form  small,  irregular,  densely  tufted  clumps. 
Where  soil  is  unusually  fertile,  clumps  of  plants  may 
occasionally  attain  basal  diameters  of  10  to  12  inches. 
The  smooth,  pea-green,  twisted  foliage  is  conspicuous 
among  other  grasses.  Basal  leaves  frequently  reach  1 
foot  in  length,  but  upper  leaves  are  very  short.  Blades 
are  about  Va  inch  wide,  most  tapering  abruptly  to  a 
point  at  the  tip.  Leaf  meirgins  are  fringed  with  short 
hairs,  and  blades  have  no  prominent  midrib.  The 
inflorescence  is  a  narrow  panicle  up  to  7  inches  long. 
Spikelets  are  green,  conspicuously  fuzzy,  about  Vs 
inch  long,  and  ovoid  in  shape. 

Purple  silkyscale,  Anthaenantia  rufa  (Ell.)  Schult., 
also  grows  throughout  the  southern  Coastal  Plain, 
usually  on  wetter  sites  than  green  silkyscale.  It  can 
be  distinguished  from  green  silkyscale  either  by  its 
purplish  spikelets  or  the  lack  of  hairs  on  leaf  margins. 

Green  silkyscale  foliage  is  palatable  and  nutritious, 
but  its  grazing  value  is  limited  by  its  lack  of  abun- 
dance. 

Range:  Coastal  Plain,  Texas  to  Florida  and  North 
Carolina. 


Perennial.  Culms  60-120  cm  tall,  slender,  in  small 
tufts  or  singly  from  short  rhizomes;  sheaths  glabrous, 
nonkeeled,  much  shorter  than  the  internodes, 
crowded  and  overlapping  at  the  base  of  the  plant;  lig- 
ule  a  short,  ciliate  membrane;  blades  5-10  mm  wide, 
glabrous  with  ciliate  margins,  flat,  twisted  along  the 
length  one  to  several  times,  tapered  at  the  apex,  the 
basal  blades  10-30  cm  long,  the  upper  ones  much 
reduced;  panicle  10-17  cm  long,  pale  green,  long- 
exserted  above  the  last  reduced  blade;  spikelets  3-4 
mm  long,  stalked,  solitary,  obovoid,  with  rows  of  long 
hairs  between  the  nerves  on  the  second  glume  and 
sterUe  lemma;  first  glume  wanting;  grain  2.5  mm 
long,  brown,  shining. 
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A^^tc/re:  Plant 


Arrowfeather  Threeawn — Aristida purpurascens  Poir. 


Arrowfeather  threeawn  is  common  on  longleaf- 
slash  pine  sites  across  the  South.  It  grows  on  dry 
sandy  sites  and  increases  in  abundance  on  overgrazed 
range. 

It  is  a  perennial  with  mostly  basal  leaves  and 
forms  dense  clumps  that  are  usually  less  than  3 
inches  in  diameter.  Flower  stalks,  which  mature  in 
the  fall,  average  2  feet  tall.  The  inflorescence  is  a  nar- 
row, nodding  panicle  6  to  12  inches  long.  Spikelets  are 
round  in  cross  section  and  one-flowered.  They  termi- 
nate in  three  spreading  awns,  each  about  %  inch  long. 
Exclusive  of  awns,  spikelets  are  about  V^  inch  long. 
Although  panicles  may  become  purplish  toward 
maturity,  this  color  is  less  characteristic  than  purpur- 
ascens implies.  The  thin  papery  glumes,  up  to  Vz  inch 
long,  persist  after  spikelets  shatter.  Foliage  curls 
conspicuously  in  the  fall,  with  many  of  the  leaf  blades 
forming  one  or  more  ringlets. 

Arrowfeather  threeawn  is  low  in  forage  value.  Cat- 
tle may  graze  it  in  spring,  especially  on  freshly 
burned  range.  Palatability  declines  after  early  sum- 
mer, as  the  foliage  becomes  tough  and  somewhat 
wiry. 

Range:  Texas  to  Florida,  extending  north  to  Wis- 
consin and  Massachusetts. 


Perennial.  Culms  40  -  70  cm  tall,  slender,  in  tufts  of 
several  stems  from  a  weeik,  knotty  base;  sheaths 
smooth  and  glabrous;  ligule  a  short-ciliate  membrane 
less  than  0.5  mm  long;  blades  1-2  mm  wide,  flat,  to 
20  cm  long,  sometimes  with  a  tuft  of  long  hairs  above 
the  Ugule,  long-acuminate,  in  age  forming  curls  or 
ringlets;  panicle  15-30  cm  long,  one-third  to  one-half 
the  total  length  of  the  culm,  the  brtmches  short, 
appressed;  spikelets  with  three  straight  spreading 
awns  12-25  mm  long,  the  center  one  sometimes 
slightly  exceeding  the  others  in  length;  glumes  6-12 
mm  long,  the  first  longer  thein  the  second,  scabrous; 
lemma  6-8  mm  long,  hispid,  sometimes  marked  with 
six  to  eight  diagonal  dark-purple  bands,  the  callus 
about  0.5  mm  long,  pubescent;  anthers  purple. 
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Bottlebrush  Threeawn — AHstida  spiciformis  Ell. 


This  showy  perennial  grass  is  common  on  dis- 
turbed or  overgrazed  Coastal  Plains  flatwoods  sites 
from  Mississippi  to  South  Carolina,  but  has  little 
worth  as  forage.  It  is  found  on  seepage  slopes  and 
occasionally  on  well-drained  uplands.  The  6-  to  8-inch 
bristly  seed  head  on  the  bare  stalk  resembles  a  bottle 
brush. 

Like  most  threeawns,  bottlebrush  threeawn  grows 
best  where  competition  is  light.  It  is  a  short-lived 
perennial  that  depends  on  its  abundant  seed  produc- 
tion for  reproduction. 

Plemts  produce  very  little  forage  even  where  stems 
are  dense.  Cattle  avoid  plants  after  the  bristly  seed 
heads  form  in  late  August  and  September.  The  large 
seed  head  distinguishes  bottlebrush  from  pineland 
and  arrowfeather  threeawns. 

Several  annual  threeawns  are  common  and  often 
abundant  on  roadsides,  overgrazed  range,  and  other 
disturbed  sites.  Churchmouse  threeawn,  Aristida 
dichotoma  Michx.,  oldfield  threeawn,  A.  oligantha 
Michx.,  and  slimspike  threeawn,  A.  longespica  Poir., 
are  three  annuals  with  southwide  distribution. 

Range:  Coastal  Plain,  Mississippi  to  central  Flor- 
ida and  South  Carolina. 


Perennial.  Culms  erect,  50-100  cm  tall,  glabrous; 
blades  1-3  mm  wide,  elongate,  stiffly  erect,  involute, 
glabrous;  sheaths  glabrous;  panicle  dense  and  spike- 
hke,  10  -  25  cm  long;  glumes  unequal,  the  first  4-5 
mm  long,  about  half  as  long  as  second,  both  awned; 
lemma  1-3  cm  long  including  column,  awns  sub- 
equal,  2-3  cm  long. 
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Pineland  Threeawn — Anstida  stricta  Michx. 


This  is  the  "wiregrass"  of  the  southeastern 
Coastal  Plain.  It  is  a  principal  forage  grass  of  pine 
flatwoods  range  in  Florida  and  Georgia.  Although  it 
withstands  heavy  grazing  and  frequent  burning,  it  is 
palatable  and  nutritious  for  livestock  only  for  a  short 
time  after  a  fire.  Abundant  seedstalks  are  produced 
by  midsummer,  following  an  early  spring  burn.  Two 
or  three  years  with  no  burning  reduces  seedstalk  pro- 
duction drastically,  and  a  dense  wiregrass  rough 
builds  up.  Very  little  grazing  is  possible  on  wiregrass 
range  without  prescribed  fire.  Plants  with  seedstalks 
are  about  3  feet  tall.  Stalks  are  erect  and  slender  with 
a  spikelike  terminal  panicle  about  12  inches  long. 
Leaf  blades  are  tightly  rolled  and  tough  except  in 
very  new  growth.  Recently  burned  plants  have  stiffly 
ascending  leaves  and  seedstalks,  appearing  quite  dif- 
ferent from  the  stalkless,  spreading  clumps  in  the 
unburned  rough. 

Cutover  muhly  is  similar  in  growth  habit  to  pine- 
land  threeawn,  but  its  leaf  blades  £ire  not  as  tightly 
rolled.  A  distinguishing  characteristic  of  pineland 
threeawn  is  a  conspicuous  band  of  white  hair  covering 
the  collar,  lower  blade,  and  upper  sheath  of  the  lower 
leaves. 

Dense  colonies  of  pineland  threeawn  are  found  in 
the  wet  sandy  flatwoods  of  the  pine-wiregrass  type. 
The  grass  is  also  the  dominant  herbaceous  plant  on 
dry  sandhills.  When  eliminated  from  a  site,  as  by 
chopping,  it  does  not  return,  indicating  that  few  via- 
ble seeds  are  produced. 

Range:  Mississippi  to  Florida  and  North  CaroHna. 


Perennial.  Culms  50-100  cm  tall,  glabrous;  leaves 
densely  tufted,  mostly  basal,  blades  involute,  elon- 
gate, to  50  cm  long;  collar  densely  pilose;  panicle  slen- 
der, to  30  cm  long;  glumes  7-10  mm  long,  lemma 
6-8  mm  long,  scarcely  beaked;  awns  divergent,  the 
central  1.0-1.5  cm  long,  the  lateral  slightly  shorter. 
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Cane — Arundinaria  gigantea  (Walt),  ex  Muhl. 


Until  recently,  switch  cane  and  gitint  cane  were 
considered  two  separate  species  of  Arundinaria; 
switch  cane  was  A.  tecta  and  giant  cane  was  A.  gigan- 
tea. McClure  (1978)  changed  the  rank  of  switch  cane 
to  subspecies  tecta  oiA.  gigantea,  made  giant  cane  A. 
gigantea  spp.  gigantea,  and  separated  a  third  subspe- 
cies, A.  gigantea  spp.  macrosperma.  No  attempt  will 
be  made  here  to  distinguish  between  subspecies  as 
differences  are  based  primEirily  on  the  presence  or 
absence  of  air  cemals  in  the  rhizome  (see  illustration) 
and  are  not  always  conclusive. 

Cane  is  the  largest  native  grass  in  the  United 
States.  On  moist,  fertile  bottomlands,  it  may  reach  25 
feet  in  height  with  stems  up  to  V4  inch  in  diameter. 
Scattered  small  plants  may  be  found  on  uplands  adja- 
cent to  bottomlands.  Unhke  most  other  grasses,  it  is 
an  evergreen  shrub,  the  stems  surviving  for  severed 
years.  Ceine  does  not  flower  often  enough  to  be  identi- 
fied by  usual  taxonomic  procedures  but  is  easily  dis- 
tinguishable from  other  grasses  by  its  stout,  hollow, 
jointed  stems  similar  to  cane  fishing  poles.  Wide  leaf 
blades  £ire  narrowed  to  short  petioles.  On  upland 
sites,  plants  flower  following  grazing  or  burning. 

Cane  is  excellent  forage.  Cattle  graze  leaves  and 
twigs  during  winter,  when  other  green  herbage  is 
scarce.  On  em  experimental  range  in  North  CetroUna, 
cane  was  grazed  from  May  until  January  and  fur- 
nished 70  to  93  percent  of  the  cattle  diet.  Crude  pro- 
tein, calcium,  and  phosphorus  content  of  cane  aver- 
aged higher  them  in  other  grasses  studied  and  well 
above  the  requirements  of  growing  cattle.  Under  care- 
ful management,  grazing  capacity  was  high;  '/z  to  1 
acre  per  cow-month.  Despite  its  high  nutritive  value, 
cane  is  not  abundant  enough  on  upland  sites  to  be 
considered  an  important  range  forage  plant. 
Although  extensive  canebrakes  were  once  common 
along  many  streams,  most  have  been  seriously 
depleted  by  overuse.  Burning  to  reduce  height,  fol- 
lowed by  concentrated  grazing,  eliminated  many 
stands.  Large  brakes  can  be  very  productive  if  judi- 
ciously managed.  Where  cane  furnishes  a  minor  part 
of  the  forage,  it  is  usually  overgrazed. 

Range:  Southern  and  southeastern  states  from 
Texas  and  Oklahoma,  extending  eastward  to  West 
Virginia,  Delaware,  and  Florida. 


Perennial.  Culms  1  -  8  m  tall,  erect,  smooth,  and 
woody,  to  2  cm  in  diameter,  arising  abruptly  from  a 
stout  rhizome;  lower  culm  sheaths  about  half  as  long 
as  the  internode,  withering  and  soon  falling;  upper 
culm  sheaths  with  10  to  12  bristles  6-9  mm  long  at 
the  summit,  occasionally  growing  out  of  a  definite 
pair  of  auricles,  a  dense  band  of  stiff  hairs  across  the 
collar;  ligule  firm,  scarcely  1  mm  long;  leaf  blades 
petiolate,  rounded  at  the  base,  acuminate  at  the  tip, 
glabrous  to  pubescent,  15-27  cm  long,  2.5-4.0  cm 
wide  on  the  main  culm  and  primary  branches,  shorter 
and  narrower  on  the  ultimate  bremchlets,  often  in 


and  inflorescence 
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dense  flabeUate  clusters;  inflorescences  paniculate  or 
racemose,  crowded  toward  the  ends  of  leafy  or  leaf- 
less twigs  with  few  to  several  spikelets  on  slender, 
angled  pedicels  2-30  cm  long,  hirsute  to  nearly  gla- 
brous; spikelets  4-7  cm  long,  about  8  mm  wide, 
mostly  with  8  to  12  flowers,  rather  loose;  glumes  dis- 
tant, acuminate,  pubescent,  the  lower  sometimes 
wanting;  florets  1.5-2.0  cm  long,  the  keeled,  broadly 
lemceolate  lemma  tapering  to  an  awn  about  4  mm 
long. 
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Common  Carpetgrass — Axonopus  affinis  Chase 


Carpetgrass  differs  markedly  in  growth  habit  from 
most  southern  range  grasses.  Under  favorable  condi- 
tions it  spreads  rapidly  by  stolons,  developing  a 
dense  sod.  The  best  carpetgrass  site  is  a  moist, 
medium-  to  fine-textured  soil  where  grazing  is 
intense.  On  dry  sandy  soils  it  occurs  sparingly,  grow- 
ing in  shallow  depressions  or  as  small,  widely  scat- 
tered colonies  along  animal  trails  and  on  intensely 
grazed  areas. 

Where  use  is  light,  carpetgrass  cannot  compete 
successfully  with  taller  grasses.  On  a  Louisiana  range 
that  had  been  grazed  heavily  for  12  ye8irs,  it  com- 
prised 15  percent  of  the  vegetation.  Three  years  after 
grazing  was  discontinued  it  declined  to  3  percent. 

Slender  flower  stalks  up  to  2  feet  tall  are  produced 
throughout  the  growing  season.  The  inflorescence 
consists  of  two  to  four  slender  racemes  1  to  3  inches 
long.  Leaf  blades  are  mostly  4  to  6  inches  long  and 
about  '/4  inch  wide,  with  bluntly  rounded  tips. 

The  foliage  of  CEirpetgrass  resembles  centipede- 
grass,  Eremochloa  ophiuroides  (Munro)  Hack.,  and 
St.  Augustinegrass,  Stenotaphrum  secundatum 
(Walt.)  Kuntze.  Its  inflorescence  consists  of  several 
racemes,  however,  while  those  of  the  other  grasses 
are  solitary  spikes. 

Big  carpetgrass,  Axonopus  furcatus  (Fluegge) 
Hitchc,  and  tropical  carpetgrass,  A.  compressus 
(Swartz)  Beauv.,  also  grow  on  southern  pine  forest 
ranges.  Their  characteristics  and  forage  values  are 
similEir  to  those  of  common  carpetgrass.  Both  are 
usually  found  on  wetter  sites  than  those  occupied  by 
common  carpetgrass. 

Common  carpetgrass  is  nutritious  and  highly  p£il- 
atable  throughout  the  growing  season.  Although  cat- 
tle usually  prefer  it  over  most  of  the  associated 
grasses,  it  is  too  sparse  on  well-managed  ranges  to 
contribute  much  forage.  Grazing  intensely  enough  to 
maintain  carpetgrass  stands  adversely  affects  soil 
conditions  and  pine  regeneration;  it  also  leaves  little 
forage  for  winter  use. 

Carpetgrass  is  valuable  mainly  as  cover  on  range 
areas  grazed  too  heavily  to  support  other  perennial 
grasses.  It  is  also  useful  for  seeding  grazed  fire- 
breaks, for  it  readily  withsteinds  the  utilization  pres- 
sure necessary  to  minimize  fuel. 

Range:  Coastal  Plain,  North  Carolina  to  Texas, 
extending  north  to  Oklahoma  and  Arkansas. 


Perennial.  Culms  slender,  glabrous,  25  -  60  cm  tall  in 
erect  tufts  or  from  stolons;  sheaths  broad,  com- 
pressed-keeled, glabrous;  ligule  membranous,  less 
than  0.5  mm  long,  margin  fringed;  blades  2-6  mm 
wide,  flat  or  folded,  usually  short  in  relation  to  the 
long  sheaths,  conspicuously  rounded  at  the  tip; 
racemes  two  to  four,  subdigitate,  2-10  cm  long;  spi- 
kelets  about  2  mm  long,  oblong-elliptic,  blunt  at  the 
tip,  sparsely  silky-pilose. 
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Longleaf  Vniola—Chasmanthium  sessiliflorum  (Poir.)  Yates-(Uniola  sessiliflora  Poir.) 


With  the  exception  of  seaoats,  Uniola  paniculata 
L.,  all  uniolas,  known  also  as  spikegrasses,  are  now  in 
the  genus  Chasmanthium.  Longleaf  uniola  is  perhaps 
the  most  characteristic  grass  of  the  loblolly-shortleaf 
pine-hardwood  type;  in  densely  shaded  stands,  it  may 
be  the  only  grass  present.  It  grows  in  loose  tufts  from 
short,  knotty  rhizomes.  Stalks  are  erect  to  spreading 
or  slightly  nodding,  from  2  to  4  feet  tall.  Although 
classified  as  a  warm  season  perennial,  it  produces  new 
growth  sporadically  during  the  winter  and  early 
spring.  By  late  spring  or  early  summer,  vegetative 
growth  ceases  and  seedstalks  form.  Seed  do  not 
mature  until  fall. 

Leaf  blades  are  3  to  16  inches  long  and  up  to  Vi 
inch  wide,  tapering  toward  both  the  tip  and  base. 
Blades  are  usually  thinly  coated  with  short  white 
hairs  on  the  lower  surface.  Upper  surfaces  are  haiirless 
except  near  the  base.  Sheaths  are  conspicuously 
hairy,  especially  at  the  summit. 

The  inflorescence  is  a  spike-like  panicle  8  to  20 
inches  long  with  stiffly  ascending  or  appressed 
branches  up  to  3  inches  long.  The  flat,  three-  to  five- 
flowered  spikelets  are  clustered  along  the  panicle 
branches.  Mature  seed  are  black,  about  Vio  inch  long. 

Despite  its  tolerance  of  fairly  heavy  shade,  longleaf 
uniola  produces  more  forage  in  stands  opened  up  by 
thinning  or  removal  of  weed  trees  and  brush.  How- 
ever, it  cannot  tolerate  full  sunlight.  The  uniolas  rank 
below  the  bluestems  in  quantity  and  quality  of  forage 
produced,  but  the  vedue  is  enhgmced  by  winter  burn- 
ing, which  destroys  old  growth  and  promotes  eeu-ly 
regrowth.  New  growth  following  a  winter  fire  is  palat- 
able £ind  comparable  to  the  better  bluestems  in  pro- 
tein content.  By  the  time  seedstalks  appear  in  early 
summer,  however,  palatability  is  much  below  that  of 
the  bluestems,  although  protein  content  remains  rela- 
tively high.  Some  foliage  retEiins  a  green  color 
throughout  the  winter. 

Spike  uniola,  C  laxum  (L.)  Yates,  is  similar  in 
appearance  and  growth  habit  to  longleaf  uniola.  The 
two  grow  together  throughout  the  South,  but  on 
pineywoods  range,  longleaf  uniola  is  usually  most 
abundant.  Spike  uniola,  which  has  hairless  foliage, 
narrower  leaves,  and  a  more  nodding  seedstalk  than 
longleaf,  is  generally  more  common  on  sites  some- 
what wetter  than  those  occupied  by  longleaf  uniola. 
The  conspicuously  hairy  sheaths  of  longleaf  uniola 
eire  the  most  reliable  distinguishing  characteristics; 
spike  uniola  is  hairless.  The  two  grasses  are  similar  in 
forage  vedue  as  well  as  in  appeeirance;  thus,  there  is 
little  need  to  distinguish  between  them. 

Broadleaf  uniola,  C.  latifolium  (Michx.)  Yates,  has 
leaves  up  to  1  inch  wide  and  is  found  on  shaded, 
sandy  streambanks  throughout  the  South.  Its  flat, 
several-flowered  spikelets  resemble  those  of  seaoats 
more  than  those  of  other  species  of  Chasmanthium. 

Range:  East  Texas  and  Oklahoma  to  Florida  and 
Virginia. 


Habit 


Perennial.  Culms  50-150  cm  tall,  erect  in  loose  tufts 
from  short,  knotted  rootstocks;  sheaths  pilose,  at 
least  toward  summit,  densely  pilose  at  collar;  blades 
8-38  cm  long,  5-10  mm  wide,  firm,  sparsely  pilose 
on  upper  surface  near  base,  puberulent  on  lower  sur- 
face or  merely  short  ciliate  on  margins;  ligule  short, 
membranous,  finely  ciliate;  panicle  long-exserted, 
20  -  50  cm  long,  branches  narrow,  distant,  ascending 
or  appressed;  spikelets  in  fascicles  1-3  cm  ap£irt, 
flat,  3-  to  5-flowered,  broadly  v-shaped  at  maturity, 
6-8  mm  long;  glumes  1.5-2  mm  long,  much  shorter 
than  lemmas;  first  lemma  sterile;  fertile  lemma  3-5 
mm  long,  acuminate,  beaked,  striate-nerved;  palea 
shorter  than  lemma,  acute;  grain  about  3  mm  long, 
black. 
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Carolina  Jointtail — Coelorachis  cylindrica  (Michx.)  Nash— (Manisuris  cylindrica  (Michx.)  Kuntze) 


Recent  revision  of  the  genus  Manisuris  and  related 
genera  moved  all  southern  species  oi  Manisuris  to  the 
genus  Coelorachis,  an  earlier  name  for  the  jointtails. 
Itchgrass,  formerly  Rottboellia  exaltata  L.  f.,  is  now 
Manisuris  exaltata  (L.  f.)  Kuntze.  An  agricultural 
weed  throughout  the  South,  itchgrass  is  now  the  only 
species  in  the  genus  Manisuris. 

Carolina  jointtail  grows  on  sandy  soils  throughout 
the  South,  usually  on  disturbed  sites  such  as  firelines. 
In  spring  and  early  summer,  plants  are  easily  identi- 
fied by  the  jointed,  cylindrical,  spikelike  raceme  at 
the  tip  of  each  flower  stalk.  Racemes  are  generally  3 
to  6  inches  long  and  about  '/s  inch  in  diameter.  They 
shatter  readily  at  maturity;  plants  may  afterwards  be 
recognized  by  the  swollen  joint  at  the  stalk  tip. 

Carolina  jointtail  usuedly  grows  in  small  colonies. 
Since  the  seedbearing  joints  of  the  racemes  are  heavy, 
most  seeds  remain  near  the  parent.  New  plants  begin 
as  small  tufts,  spreading  by  short  rhizomes.  Height 
at  maturity  is  about  3  feet. 

Lattice  jointtail,  C.  tessellata  (Steud.)  Nash,  and 
wrinkled  jointtail,  C.  rugosa  (Nutt.)  Nash,  also  grow 
in  the  South,  but  not  on  dry  sites.  Both  have  flat- 
tened leaf  sheaths;  those  of  Carolina  jointtail  are 
round. 

Carolina  jointtail  is  palatable  and  nutritious  until 
plants  mature  in  late  spring  or  early  summer.  It  is 
apparently  intolerant  of  heavy  grazing. 

Range:  Texas  to  Florida,  extending  north  to 
North  Carolina  and  Missouri. 


Perennial.  Culms  30-100  cm  tall,  broad  at  the  base, 
in  tufts  from  short,  stout  rhizomes,  erect,  slender, 
generally  unbranched;  sheaths  2-3  mm  wide,  shorter 
than  the  internodes,  cylindrical,  sometimes  reddish  or 
purplish;  ligule  a  short  membrane,  collar  and  nodes 
purple;  blades  1-3  mm  wide,  to  30  cm  long,  slightly 
curved,  flat  or  involute;  racemes  10-20  cm  long, 
cylindrical,  purple,  solitary  on  main  culm  and 
branches;  spikelets  awnless,  in  pairs  at  the  nodes  of  a 
thickened  rachis;  sessile  spikelet  4-5  mm  long,  per- 
fect, first  glume  pitted  along  the  nerves;  pedicellate 
spikelet  reduced  to  two  scales. 


Habit 
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Toothachegrass — Ctenium  aromaticum  (Walt.)  Wood 


Toothachegrass  commonly  inhabits  flatwoods 
sites  in  cutover  areas.  It  is  commonly  found  on  sandy 
bogs,  where  pitcherplants  (Sarracenia  spp.)  are  the 
dominant  plants.  These  may  be  neirrow  hiUside  bogs 
between  a  creek  and  a  seindy  pine  hiU. 

The  plants  are  conspicuous,  growing  in  clumps 
with  scant  foliage  and  memy  erect  flower  stalks  3  to  5 
feet  tall.  Each  stalk  ends  in  a  solitary,  thick,  usually 
curving,  combhke  spike  2  to  6  inches  long.  Spikelets, 
crowded  on  one  side  of  the  axis,  beeir  a  straight  awn 
about  Va  inch  long.  Except  for  Ctenium  floridanum 
(Hitchc.)  Hitchc,  which  is  restricted  to  Florida,  no 
southern  grass  has  an  inflorescence  resembling  that 
of  toothachegrass. 

The  foliage  of  toothachegrass  is  distinguishable 
from  other  grasses  by  the  fibrous  mat  that  remains 
after  old  leaf  sheaths  disintegrate.  Although  it  resem- 
bles cutover  muhly  in  this  character,  its  fibers  are 
straight  to  gently  curving,  not  curly  as  in  cutover 
muhly.  Its  leaf  blades  are  up  to  '/i  inch  wide;  those  of 
cutover  muhly  are  less  thein  V%  inch  wide.  Freshly  dug 
roots  emit  a  distinctive  spicy  odor;  the  substance 
responsible  is  reputedly  effective  in  relieving  tooth- 
ache. Chewing  the  roots  produces  a  sUght  numbness 
in  the  tongue  and  gums. 

On  unburned  range,  the  persistent  old  leaves  and 
flower  stalks  make  toothachegrass  relatively  unpalat- 
able. After  a  fire,  cattle  readily  graze  the  herbage. 

Range:  Coastal  Plain,  Louisiana  to  Florida  and 
Virginia. 


Perennial.  Culms  stout,  unbr8inched,  10-150  cm  tall, 
from  aromatic  roots;  sheaths  shorter  than  the  inter- 
nodes,  ribbed,  glabrous,  persistent,  the  old  ones  form- 
ing a  conspicuous  fibrous  mass  at  the  base;  ligule 
about  1  mm  long,  membranous,  truncate;  blades  2-6 
mm  wide,  flat  or  involute,  elongate  with  attenuate 
tips;  inflorescence  a  single  straight  or  curved  thick 
spike  5-15  cm  long;  spikelets  5-7  mm  long, 
arranged  on  one  side  of  the  pubescent  rachis. 
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Poverty  Danthonia — Danthonia  spicata  (L.)  Beauv.  ex  R.  &  S. 


Poverty  danthonia,  known  also  as  poverty  oat- 
grass,  povertygrass,  or  junegrass,  is  a  weedy  cool- 
season  perennial  bunchgrass  found  along  roadsides 
and  on  rocky,  sandy,  generally  dry  or  sterile  sites 
throughout  most  of  the  United  States.  In  the  South, 
it  is  found  most  frequently  in  the  lobloUy-shortleaf 
pine-hardwood  and  upland  hardwood-bluestem  types. 

Plants  average  about  1  Vz  feet  in  height,  seldom 
exceeding  2  feet.  Most  of  the  foUage  is  in  a  crowded 
basal  clump  of  leaves,  with  narrow  blades  4  to  6 
inches  long  and  often  curved  or  twisted.  A  con- 
stricted panicle  of  2  to  13  spikelets  terminates  each 
culm.  A  reduced  spikelet  with  a  single  unopened,  self- 
fertilized  floret  (cleistogene)  is  produced  inside  one  or 
more  leaf  sheaths. 

Two  other  closely  related  species,  flatstem  dan- 
thonia, Danthonia  compressa  Austin,  and  downy 
danthonia,  D.  sericea  Nutt.,  occur  on  southern  forest 
ranges.  Flatstem  danthonia,  which  overlaps  the 
range  of  poverty  danthonia  at  the  mountainous  east- 
ern end  of  the  lobloUy-shortleaf  pine-hardwood  type, 
has  crooked  culms  and  a  much  looser  inflorescence 
than  poverty  danthonia.  Downy  danthonia,  a  larger 
and  hairier  species,  occurs  throughout  the  South,  emd 
is  common  but  not  abundant  in  longleaf  pine  forests 
of  southern  Alabama  and  northwest  Florida. 

Cattle,  deer,  and  wild  turkeys  eat  the  young  basal 
foliage  of  poverty  danthonia,  but  the  plant  is  consid- 
ered an  indicator  of  abused  range  or  poor  soils.  West- 
ern varieties  reportedly  have  no  forage  value.  Seeds 
of  both  poverty  and  downy  danthonias  have  limited 
value  as  food  for  wildlife. 

Range:  From  Maine  and  Florida  to  Washington, 
Oregon,  and  New  Mexico.  Rare  in  the  Coasted  Plain. 


Perennial.  Culms  erect,  straight,  20-60  cm  tall, 
densely  cespitose;  leaves  mainly  basal;  sheaths  gla- 
brous or  occasionally  pilose,  a  tuft  of  long  heiirs  at  the 
throat;  blades  up  to  20  cm  long,  2  mm  wide,  involute; 
inflorescence  a  contracted  peinicle  2-5  cm  long  with 
2  to  13  spikelets;  spikelets  5-  to  8-flowered;  glumes 
lanceolate-acuminate,  10-12  mm  long;  lemma 
3.5  -  5.0  mm  long,  sparsely  villous,  awned  from  bifid 
apex,  4.5-9.0  mm;  palea  broad  flat  obtuse,  ciliolate, 
reaching  to  base  of  awn;  cleistogamous  spikelet 
usually  of  one  fertile,  unawned  floret  slightly  larger 
than  normal  florets. 


\\    if      I     {  1»t 
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Hairy  Crabgrass — Digitaria  sanguinalis  (L.)  Scop. 


Hairy  crabgrass  is  the  most  common  of  the  south- 
ern crabgrasses.  A  native  of  Europe,  it  is  thoroughly 
naturalized  and  is  a  weed  of  lawns  and  cultivated 
ground  throughout  the  United  States.  On  native 
range,  it  occurs  on  firelines,  roadsides,  and  areas  den- 
uded by  overgrazing  or  mechanical  disturbance.  It  is 
a  spreading,  warm-season  annual,  rooting  at  the 
nodes  of  reclining  stems.  On  rich  soils,  with  little  or 
no  competition,  it  may  form  large  clumps.  Stems  may 
be  3  feet,  but  the  height  of  the  clump  is  seldom  more 
than  18  inches. 

The  closely  related  southern  crabgrass,  Digitaria 
ciliaris  (Retz.)  Koeler  (D.  adscendens  (H.B.K.)  Henr. 
or  D.  sanguinalis  var.  ciliaris  (Retz.)  Parlat.),  is  wide- 
spread and  may  be  mistaken  for  hairy  crabgrass. 
■Southern  crabgrass  has  glabrous  or  sparsely  papil- 
lose-pilose foliage  and  glabrous  nerves  on  the  sterile 
lemma;  hairy  crabgrass  foliage  is  densely  pilose,  and 
nerves  of  the  sterile  lemma  have  short  vitreous 
spines. 

Other  common  crabgrasses  include  violet  crab- 
grass, D.  ischaemum  var.  violascens  (Link)  Radf.,  (D. 
violascens  Link),  slender  crabgrass,  D.  filiformis  (L.) 
Koel.,  and  shaggy  crabgrass,  D.  villosa  (Walt.)  Pers. 
All  three  are  found  throughout  the  South  £md  have 
dark-brown  seeds.  Seeds  of  hairy  crabgrass  are  pale 
in  color.  There  are  approximately  a  dozen  other 
crabgrasses  in  the  United  States  with  about  half  of 
them  found  only  in  southern  Florida. 

Spring  growth  is  of  good  quality  for  cattle  forage, 
but  plants  mature  early,  becoming  dry  and  unpalata- 
ble. Since  it  seldom  occurs  on  undisturbed  ranges, 
however,  little  crabgrass  forage  is  included  in  the  cat- 
tle diet. 

Range:  Throughout  the  United  States. 


Annual.  Culms  branching  and  spreading,  decumbent, 
rooting  at  lower  nodes,  finally  erect  or  ascending, 
30-120  cm  long;  sheaths,  at  least  the  lower,  papil- 
lose-pilose; ligule  erose,  2-3  mm  long;  blades  to  16 
cm  long,  5-10  mm  wide;  racemes  three  to  nine,  5-10 
cm  long,  digitate;  spikelets  pale  or  grayish,  about  3 
mm  long;  first  glume  minute,  second  glume  approxi- 
mately one-half  spikelet  length. 
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Virginia  Wildrye — Elymus  virginicus  L. 


Virginia  wildrye,  or  Terrellgrass,  is  a  cool-season, 
weakly  perennigd  bunchgrass  occurring  in  several 
varieties  throughout  most  of  the  United  States. 
Although  not  a  common  pleint  of  the  pine  forests,  it 
grows  in  all  the  southern  states.  Stream  borders, 
pond  shores,  moist  swEiles,  and  rich  woods  are  com- 
mon habitats.  New  plants  are  produced  by  tillering  as 
well  as  by  seed. 

Steilks  are  2  to  3  feet  tall  with  erect  seed  heads. 
Leaf  blades  exe  up  to  12  inches  long,  graduedly  taper- 
ing to  a  fine  point  from  a  basal  width  of  about  '/i  inch. 
Stems,  leaves,  and  seed  heads  are  usually  hairless.  A 
good  identification  character  of  Virginia  wildrye  is 
the  hardened  rounded,  usually  bowed-out  base  of  the 
glumes;  no  other  wildrye  has  this  feature. 

Canada  wildrye,  Elymus  canadensis  L.,  grows 
throughout  much  of  the  range  of  Virginia  wildrye, 
but  is  not  common  in  Coastal  Plain  pine  forests.  The 
two  may  occupy  the  same  site  and  much  of  the  varia- 
tion recognized  within  each  species  is  attributed  to 
hybridization.  Canada  wildrye  is  more  common  on 
prairies  and  roadsides  and  can  usually  be  distin- 
guished by  its  lax,  nodding  seed  heads  and  broader, 
lance-shaped  leaves.  Several  other  wildryes,  espe- 
cially Texas  wildrye,  E.  interruptus  Buckl.,  and  hairy 
wildrye,  E.  villosus  Muhl.,  occur  at  the  western  and 
northern  fringes  of  the  loblolly-shortleaf  pine  type.  In 
these  areas,  an  appropriate  plant  manual  should  be 
consulted  for  positive  identification. 

Early  foliage  of  Virginia  wildrye  is  palatable  and 
nutritious,  but  plants  mature  by  early  summer.  Both 
Virginia  and  Canada  wildrye  are  classed  as  "decreas- 
ers,"  plants  that  decrease  in  percent  composition  on 
overgrazed  range.  Plants  apparently  cannot  tolerate 
fire  and  the  widespread  use  of  prescribed  burning, 
usually  accompanied  by  heavy  grazing,  further  hmits 
its  abundance. 

Range:  Most  of  United  States. 


Perennial.  Culms  60-120  cm  tall,  tufted,  erect; 
sheaths  glabrous  or  with  inconspicuously  ciliate  mar- 
gins; ligule  less  than  1  mm  long,  brown,  membranous; 
blades  5-15  cm  long,  4-8  mm  wide,  flat,  scabrous; 
inflorescence  a  single  spike  5-15  cm  long,  erect, 
often  partly  included  in  sheath  of  upper  leaf;  spikelets 
two  per  node,  3-  to  5-flowered;  glumes  12-15  mm 
long,  scabrous,  strongly  nerved,  except  nerveless  at 
bowed-out  base,  indurate,  tapering  into  a  straight 
awn  about  as  long  as  the  body;  lemmas  glabrous  and 
nerveless  below,  scabrous  and  nerved  above,  6-8 
mm  long  tapering  into  straight  awn  1  cm  long;  palea 
equal  in  length  to  body  of  lemma;  grain  encased  in 
lemma  and  palea,  disarticulating  above  the  glumes. 
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Purple  Lovegrass — Eragrostis  spectabilis  (Pursh)  Steud. 


With  its  large  colorful  inflorescence  fully 
expanded,  purple  lovegrass  is  among  the  showiest  of 
southern  grasses.  Until  the  panicles  emerge  in  late 
summer,  however,  the  plants  are  relatively  inconspic- 
uous. This  grass  grows  mainly  on  sandy  ranges  that 
have  been  grazed  heavily  or  burned  frequently. 

Mature  plants  are  1  to  2  feet  tall,  with  the  panicle 
usually  two-thirds  the  height  and  about  as  broad  as 
long.  At  maturity,  panicles  break  away  from  the  stalk 
to  become  "tumbleweeds."  Leaf  blades  are  6  to  12 
inches  long  and  '/s  to  Vi  inch  wide,  tapering  to  a  fine 
point. 

Coastal  lovegrass,  Eragrostis  refracta  (Muhl.) 
Scribn.,  and  Elliott  lovegrass,  E.  elliottii  S.  Wats., 
resemble  purple  lovegrass  in  size  and  growth  habit. 
Their  panicles  are  green  to  dark  gray  with  dehcate 
branches,  whereas  panicles  on  purple  lovegi'ass  are 
bright  purple  with  comp£iratively  rigid  branches. 
Spikelets  of  coastal  lovegrass  are  essentially  sessUe 
on  panicle  branches,  while  those  of  Elliott  lovegrass 
are  on  long  capilleiry  pedicels. 

In  the  spring,  purple  lovegrass  foliage  is  palatable 
and  nutritious.  With  emergence  of  the  inflorescence 
in  late  summer,  palatability  declines  rapidly.  Plants 
are  rarely  abundant  enough  to  supply  significant 
amounts  of  herbage. 

Range:  Arizona  to  Minnesota,  extending  east  to 
Maine  and  Florida. 


Perennial.  Culms  30-75  cm  tall,  in  tufts  from  a 
knotty,  rhizomatous  base;  sheaths  longer  than  the 
internodes,  overlapping,  glabrous  to  pilose,  conspicu- 
ously long-pilose  at  the  summit;  ligule  a  short,  ciliate 
membrane  0.2  mm  long  backed  by  a  ring  of  silky  hairs 
2-4  mm  long;  blades  3-8  mm  wide,  to  30  cm  long, 
taper-pointed,  stiff,  flat,  scabrous  above,  smooth 
beneath,  ascending,  glabrous  to  pilose;  panicle 
15-45  cm  long,  ovoid,  about  two-thirds  the  entire 
height  of  the  plant,  branches  minutely  scabrous, 
strongly  pilose  in  the  axils;  spikelets  4-8  mm  long, 
about  2  mm  wide,  on  long  pedicels,  5-  to  12-flowered, 
purple;  florets  about  1.6  mm  long,  keels  of  the  palea 
short-ciliate  and  bowed  out;  grain  0.6  -  0.8  mm  long, 
brown. 
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Bent-Awn  Plumegrass — Erianthus  contortus  Baldw.  ex  Ell. 


This  grass  and  several  other  common  plume- 
grasses  constitute  a  group  of  the  lairgest,  most  con- 
spicuous, upland  grasses  in  the  South.  Bent-awn 
plumegrass  grows  throughout  the  Southeast,  primar- 
ily on  moist  sandy  soils  of  the  longleaf-slash  pine  and 
lobloUy-shortleaf  pine  types.  Individual  plants  may 
reach  9  feet  in  height,  but  most  are  6  feet  or  less. 

Until  seed  heads  form,  plEints  may  be  confused 
with  yellow  indiangrass;  both  have  long,  slender  leaf 
blades,  and  bent-awn  plumegrass  has  sheath  auricles 
somewhat  like  those  of  indiangrass.  However,  the 
narrowed  bases  of  indiangrass  leaf  blades  and  the 
purplish  culms  of  plumegrass  should  distinguish  the 
two. 

The  inflorescence,  produced  from  midsummer  to 
early  autumn,  is  a  loosely  constricted  panicle  5  to  15 
inches  long.  Each  brownish  spikelet  has  a  basal  whorl 
of  tawny  hairs  and  a  conspicuous,  twisted  awn.  The 
arrangement  of  spikelets  on  inflorescence  branches  is 
similar  to  that  in  the  bluestems.  Pedicellate  spikelets 
in  the  plumegrasses,  however,  eire  perfect;  in  the 
bluestems,  pedicellate  spikelets  may  be  steiminate 
but  never  perfect.  Indiangrass  seed  heads,  while  out- 
wardly similar  to  those  of  bent-awn  plumegrass,  have 
no  pedicellate  spikelets. 

Other  common  plumegrasses  include  giant  plume- 
grass, Erianthus  giganteus  (Walt.)  Hubb.  non  Muhl., 
and  silver  plumegrass,  E.  alopecuroides  (L.)  Ell., 
which  have  denser,  much  silkier  inflorescences;  and 
narrow  plumegrass,  E.  strictus  Baldw.,  with  a  con- 
stricted, practically  hairless,  brown  seed  head.  All  are 
usually  found  on  wetter  sites  than  those  occupied  by 
bent-awn  plumegrass. 

A  single  plumegrass  clump  does  not  produce  much 
foliage,  and  clumps  are  usually  scattered.  Early 
growth  may  be  grazed  by  cattle  and  deer,  but  unless 
plants  are  grazed  repeatedly,  rapid  growth  renders 
plants  tough  and  unpalatable  by  midsummer.  As 
with  big  bluestem  and  other  tall  grasses,  however, 
grazing  intensity  based  on  the  total  forage  resource 
may  weaken  or  kill  plumegrass  plants.  Despite  these 
limitations,  plumegrasses  as  a  group  are  classed  as 
desirable  forage  plants. 

Range:  Texas  and  Oklahoma  to  Florida,  Tennes- 
see, amd  Meiryland. 


Perennial.  Culms  tufted,  stout,  erect,  1  -  2  m  tall, 
glabrous  or  sparsely  pubescent  below  panicle  and  at 
aodes;  sheaths  sparsely  hirsute  at  throat;  ligule  1-2 
tnm  long,  firm,  minutely  ciliate;  blade  15-90  cm 
ong,  5-24  mm  wide,  flat  or  folded  at  the  narrow 
base,  densely  hirsute  on  upper  surface  nezir  ligule; 
inflorescence  a  purplish-brown,  exserted  panicle 
12-42  cm  long,  3-5  cm  wide;  spikelets  all  alike,  6-8 
nm  long,  brownish,  basal  hedrs  as  long  as  spikelet; 
;lumes  more  or  less  hirsute  on  back  and  mjirgins, 
second  longer  than  first;  sterile  lemma  shorter  than 


2  cm 


5mm 


5cm 


E.  STRICTUS 


Spikelet 


5  cm 


glumes,  pubescent;  lemma  3-4  mm  long,  2-toothed, 
hyaline,  midnerve  extended  into  scabrous  awn  12-20 
mm  long. 
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Bearded  Skeletongrass — Gymnopogon  amhiguus  (Michx.)  BSP. 


Bearded  skeletongrass,  though  seldom  abundant, 
is  conspicuous  on  sandy  pinelands  in  the  South.  Dis- 
tinctive features  include  short,  broad,  stiff  leaves  and 
an  inflorescence  of  many  stiff,  slender,  divergent 
spikes  scattered  along  the  upper  part  of  the  flower 
stalk.  At  maturity,  the  seedstalk  breaks  below  the 
lowermost  spike,  and  the  entire  inflorescence 
becomes  a  "tumbleweed."  Plants  spread  by  short  rhi- 
zomes to  form  small  clumps.  Basal  foliage  is  scant; 
leaves  are  mostly  crowded  along  the  rigid  stalks, 
which  are  1  to  2  feet  tall  at  maturity. 

Although  slim  skeletongrass,  Gymnopogon  brevi- 
folius  Trin.,  is  sometimes  associated  with  bearded 
skeletongrass,  it  is  also  found  on  more  mesic  sites 
than  commonly  associated  with  bearded  skeleton- 
grass.  It  is  distinguishable  by  its  inflorescence 
branches,  which  have  flowers  only  on  the  outer  half; 
those  of  bearded  skeletongrass  bear  flowers  over  their 
entire  length. 

Bearded  skeletongrass  rarely  yields  significant 
amounts  of  forage.  Cattle  apparently  eat  it,  for  plants 
are  scarce  on  grazed  range.  The  clumps  are  poorly 
anchored  in  the  soil;  thus  cattle  probably  uproot 
many  plants.  Deer  sometimes  paw  the  rhizomes  out 
of  the  soil  in  winter  when  better  food  is  scarce. 

Range:  Texas  to  Florida,  extending  north  to  Kan- 
sas, Ohio,  and  New  Jersey. 


Perennial.  Culms  30  -  60  cm  tall,  from  short,  scaly 
rhizomes,  erect  or  decumbent  at  the  base;  sheaths 
crowded,  overlapping  with  a  villous  ring  at  the  sum- 
mit, otherwise  glabrous;  ligule  membranous;  blades 
spreading,  5  -  15cm  long,  5-14  mm  wide,  flat,  firm, 
cordate-lanceolate,  glabrous  with  scabrous  margins; 
inflorescence  of  numerous  unbranched  purplish 
spikes  10-20  cm  long;  spikelets  4-6  mm  long, 
excluding  the  6  mm  awn,  arranged  the  full  length  of 
the  branch  on  two  sides  of  a  3-sided  rachis. 
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Cutover  Muhly — Muhlenbergia  expansa  (DC.)  Trin. 


Cutover  muhly  grows  throughout  the  lower 
Coastal  Plain  in  swales  and  on  moist  pinelands. 
Although  the  name  implies  that  it  occupies  only 
cutover  lands,  it  is  sometimes  abundant  under  open 
pine  stands.  On  unburned  ranges,  the  long,  stiff,  slen- 
der leaves  are  in  large,  tightly  tufted  bunches,  with 
blades  near  the  perimeter  of  the  bunch  reclining  and 
those  near  the  center  standing  erect.  The  plants 
resemble  grass-stage  longleaf  pines. 

Flower  stalks,  2  to  3  feet  tall,  are  slender  and  weak, 
often  reclining  at  maturity.  Panicles  are  purplish, 
conical,  and  usually  6  inches  long,  but  occasionally 
they  reach  18  inches,  and  branches  are  delicate. 

Hairawn  muhly,  Muhlenbergia  capillaris  (Lam.) 
Trin.,  is  a  similar  and  closely  related  grass  with  a 
wider  range  than  cutover  muhly.  It  is  found  on  drier, 
more  inland  sites  than  cutover  muhly.  Some  authors 
consider  cutover  muhly  a  Coastal  Plain  variant  of 
hairawn  muhly.  Although  its  foliage  resembles  that 
of  pineywoods  dropseed,  cutover  muhly  can  be  distin- 
guished by  its  curly,  fibrous  remnants  of  old  basal 
leaves.  Its  prominent,  pointed,  white  ligules  also  help 
distinguish  it  from  pineywoods  dropseed,  the  ligule  of 
which  is  barely  visible. 

Cutover  muhly  is  low  in  forage  value.  Cattle  ordi- 
narily eat  small  amounts  of  new  leaves  in  the  spring, 
but  they  usually  reject  the  foliage  later  in  the  growing 
season.  Although  mature  leaves  are  tough  and 
fibrous,  some  Eire  eaten  during  the  winter,  because 
they  often  remain  green.  This  species  may  impair 
production  of  better  forage.  On  unburned,  moderately 
grazed  range,  the  plants  attain  large  basal  areas,  and 
their  leaves  reach  far  beyond  the  basal  perimeter. 
Thus,  a  comp£iratively  sparse  stand  may  dominate  a 
site,  excluding  most  plants  of  higher  quality. 

Because  cutover  muhly  is  generally  considered  a 
range  weed,  control  has  been  studied.  Although  a 
single  fire  failed  to  kill  plants  in  Louisiana  trails, 
clump  size  was  reduced.  Where  30  to  40  percent  of  the 
range  was  burned  each  year  in  rotation,  cattle  concen- 
trated on  new  burns  in  the  spring.  With  the  old 
growth  destroyed  by  fire,  cattle  closely  utilized  new 
foliage.  One  cycle  of  burning  and  subsequent  brief 
heavy  use  largely  eliminated  the  species  without  sig- 
nificantly damaging  the  better  grasses. 

Range:  Coastal  Plain,  east  Texas  to  Florida  and 
Virginia. 


Perennial.  Culms  60-100  cm  tall,  slender,  erect,  in 
dense  tufts;  sheaths  longer  than  the  internodes,  wider 
than  the  blade,  loose,  smooth  to  slightly  scabrous, 
weathering  to  form  a  fibrous,  curling  mass;  ligule 
2-3  mm  long,  wider  than  the  blade,  firm,  pointed; 
blades  1.0-2.5  mm  wide,  to  40  cm  long,  the  upper 
short,  the  lower  long,  flat,  becoming  involute;  pani- 
cles   10-45    cm    long,    pyramidal,    with    capillary 


branches;  spikelets  3.5  -  5.0  mm  long,  purple,  on  long, 
scabrous,  capillary  pedicels,  awnless  or  with  a  short 
awn  2-3  mm  long. 
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Knotroot  Bristlegrass — Setaria  geniculata  (Lam.)  Beauv 


Knotroot  bristlegrass  is  common  but  seldom  abun- 
dant along  roadsides,  in  old  fields  £ind  pastures,  and 
on  other  disturbed  sites  throughout  the  South.  It 
occurs  infrequently  on  regul£irly  burned,  moderately 
grjized  range.  In  Florida,  however,  it  is  a  component 
of  the  stable  plant  community  on  flatwoods,  slough, 
and  salt  marsh  sites.  Although  a  perennial,  it  pro- 
duces Uttle  forage  in  competition  with  major  forage 
plants  Uke  creeping  bluestem. 

Pleints  £ire  2  to  3  feet  tall,  growing  singly  or  in 
small  tufts  from  brittle,  knotty  rhizomes.  Stems  are 
often  geniculate,  or  bent  at  the  lower  joints,  giving 
greater  bas£d  spread  to  the  clumps.  This  characteris- 
tic is  common  to  several  other  bristlegrasses  as  well 
as  to  some  of  the  crabgrasses  (Digitaria  spp.).  Leaf- 
blades  are  flat,  about  Vs  inch  wide  and  2  to  9  inches 
long.  Each  seed  stalk  is  terminated  by  a  spikelike, 
bristly  panicle  Vi  to  4  inches  long. 

A  similar  £ind  equally  common  species,  yellow 
bristlegrass,  Setaria  glauca  (L.)  Beauv.  (S.  lutescens 
(Weig.)  F.  T.  Hubb.),  is  an  annual  introduced  from 
Europe.  Like  knotroot  bristlegrass,  it  has  numerous 
bristles  subtending  each  spikelet;  bristles  of  most 
other  bristlegrasses  are  generally  longer  and.  more 
cylindric£d  than  those  of  knotroot.  Leaf  blades  are 
wider  in  the  annual  species  and  rhizomes  are  present 
only  in  knotroot.  Several  other  bristlegrasses  occur  in 
the  Southeast,  but  knotroot  is  the  only  southern  per- 
ennial. 

Forage  value  of  knotroot  bristlegrass  is  limited  by 
its  lack  of  abundance.  Even  in  Florida,  where  it  is 
part  of  the  "climax"  vegetation,  it  produces  scant 
herbage.  It  is  grazed  during  spring  and  summer 
months  but  becomes  unpalatable  by  fall.  Knotroot 
bristlegrass  is  considered  a  food  plant  for  birds  and 
small  mammals. 

Range:  CeJifomia  to  Florida,  extending  north  to 
Kansas,  Illinois,  £md  Massachusetts. 


Perennial.  Culms  cespitose  or  single,  40-100  cm  tall, 
often  geniculate  at  base,  erect  or  decumbent,  often 
with  short,  knotty  rhizomes;  blades  flat,  strongly 
ascending,  long-attenuate,  5-23  cm  long,  4-7  mm 
wide,  glabrous  below,  sparsely  pilose  above;  sheaths 
glabrous  with  scarious  margins;  ligule  membranous, 
short-ciliate;  inflorescence  a  spiciform  panicle,  dense, 
yellowish  to  purplish,  1.5-10.0  cm  long,  7-8  mm 
wide  (excluding  bristles);  spikelets  2-3  mm  long, 
subtended  by  8  to  12  bristles,  2-flowered,  the  lower 
floret  neuter,  upper  floret  perfect;  first  glume  one-half 
length  of  spikelet;  second  glume  longer,  with  excur- 
rent  midrib;  sterile  lemma  5-  to  7-nerved  with  well 
developed  palea,  fertile  floret  plano-convex  2-3  mm 
long;  lemma  transversely  rugose. 


Habit 


»ai 
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Yellow  Indiangrass — Sorghastrum  nutans  (L.)  Nash— (Sorghastrum  avenaceum  (Michx.)  Nash) 


Although  yellow  indiangrass  is  best  known  as  a 
component  of  tall-grass  prairies,  it  occurs  throughout 
the  southern  pine  region.  Plants  axe  among  the  tallest 
grasses  found  on  the  range.  Seedstalks  average  4  to  5 
feet  but  occasionally  reach  8  feet.  Foliage  is  mainly 
basal,  with  leaves  up  to  18  inches  long  and  Vi  inch 
wide.  Plants  spread  by  short,  scady  rhizomes,  often 
forming  large  clumps. 

This  grass  produces  large  plumelike  panicles,  vary- 
ing from  bright  yellow  bronze  to  dark  brown  bronze. 
Panicles  shatter  quickly  upon  maturing;  the  plants 
remain  showy  only  briefly,  usually  from  late  Septem- 
ber to  early  October. 

In  the  absence  of  panicles,  yellow  indiangrass 
superficially  resembles  switchgrass,  big  bluestem, 
and  other  robust  grasses.  Yellow  indiangrass  is  dis- 
tinguishable by  its  conspicuous,  straight,  stiff  auri- 
cles and  bristly  nodes. 

Two  other  Sorghastrum  species  growing  on  long- 
leaf  pine-bluestem  range  also  closely  resemble  yellow 
indiangrass.  Lopside  indiemgrass,  S.  secundum  (Ell.) 
Nash,  is  common  on  sandhills  of  west  Florida  and 
south  Georgia  and  in  sandy  pinelands  of  Alabama.  As 
the  name  impUes,  its  panicles,  in  contrast  to  the  rela- 
tively symmetriced  ones  of  yellow  indiangrass,  are 
one-sided.  Slender  indiangrass,  S.  elliottii  (Mohr) 
Nash,  grows  throughout  the  South,  mainly  on  sandy 
sites.  Its  flower  stalks,  in  contrast  to  the  relatively 
stiff  ones  of  yellow  indiangrass,  are  weak  and  nod- 
ding, and  the  spikelets  are  chestnut  brown.  Lopside 
and  slender  indiangrass  lack  rhizomes;  both  have 
twice-bent  awns  about  1  inch  long,  while  awns  of  yel- 
low indiangrass  are  bent  once  and  are  Vi  to  Va  inch 
long. 

Yellow  indiangrass  is  an  excellent  forage  plant. 
Because  it  is  highly  palatable  and  sceirce  on  most 
ranges,  it  is  usually  overgrazed,  even  under  moderate 
use.  On  heavily  grazed  ranges,  it  is  confined  to 
brushy  areas  that  cattle  cemnot  readily  penetrate. 
Memaging  for  a  high  yield  of  this  grass  therefore 
appeeirs  impractical. 

Range:  Eastern  United  States,  extending  west  to 
Arizona,  Uteih,  Wyoming,  and  North  Dakota. 


Perennial.  Culms  glabrous  with  hairy  nodes,  1.0  -  2.5 
m  tall,  in  loose  tufts  from  seedy  rhizomes;  sheaths 
glabrous  or  papillose-pubescent,  often  hairy  in  the 
throat;  ligule  2-4  mm  long,  thick,  stiff,  conspicuous, 
between  sti  aight,  stiff  auricles;  blades  5  lo  mm  wide, 
sometimes  glaucous,  scabrous,  elongate;  panicle  nar- 
row, exserted,  nodding  at  the  apex,  bronze  to  golden 
brown  and  shining,  branches  villous,  shattering  early; 
sessile  spikelet  fertile,  6-8  mm  long,  hirsute,  the  awn 
once-geniculate,  1.0-1.5  cm  long;  pedicellate  spikelet 
wanting,  the  villous  pedicel  one-half  to  one-third  the 
length  of  the  fertile  spikelet. 


5mm 
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Curtiss  Dropseed — Sporobolus  curtissU  (Vasey)  Small 


This  small  bunchgrass  is  found  most  commonly  on 
southeastern  pine  flatwoods  sites  where  it  grows  in 
close  association  with  pineland  threeawn.  It  grows  as 
dense  tufts  or  small  bunches  that  remain  partly  green 
in  winter.  On  pine-wiregrass  reinge  of  south  Georgia, 
Curtiss  dropseed  provides  more  cattle  forage  than 
any  other  grass  during  fall  and  winter  but  is  grazed 
less  than  pineland  threeawn  during  spring.  Although 
it  thrives  on  frequently  burned  range,  it  withstands 
smothering  by  litter  in  the  absence  of  fire. 

On  closely  grazed  range,  Curtiss  dropseed  may  be 
mistaken  for  pineland  threeawn;  both  have  narrow 
leaves  and  grow  in  clumps.  Leaf  blades  of  Curtiss 
dropseed,  though  uEirrow,  are  flat,  compared  to  the 
almost  round  blades  of  pineland  threeawn.  This  dis- 
tinction is  noted  in  another  common  name  for  Curtiss 
dropseed,  "flatleaf  wiregrass." 

Florida  dropseed,  Sporobolus  floridanus  Chapm.,  is 
a  common  associate  of  Curtiss  dropseed  and  pineland 
threeawn  on  pine  flatwoods.  It  is  a  more  robust  grass 
than  Curtiss  dropseed,  with  basal  leaves  about  Va 
inch  wide  and  up  to  20  inches  long.  Stalks  are  up  to  3 
feet  tall,  with  the  narrow,  open  panicle  occupying  the 
upper  half.  Panicles  are  diffusely  branched  with  a 
single  spikelet  at  the  top  of  each  branch. 

Range:  Coastal  Plain,  central  Florida  to  North 
CaroUna. 


Perennial.  Culms  slender,  30  -  70  cm  tall;  sheaths 
pilose  at  throat;  blades  light  green,  flat  or  folded, 
about  1  mm  wide,  pilose  on  the  upper  surface  near  the 
base;  panicle  pyramid£il,  15-25  cm  long,  open, 
branches  stiffly  ascending;  spikelets  appressed  along 
the  branches,  distant,  bronze  or  purplish,  about  4.5 
mm  long;  glumes  about  equal,  as  long  as  or  longer 
than  lemma. 
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Rat-  tail  Smutgrass — Sporobolus  indicus  (L.)  R.  Br.— (Sporobolus  poirettii  (R.  &  S.)  Hitchc. 


Smutgrass  is  a  perennial  grass  common  through- 
out the  southern  states,  and  can  usually  be  identified 
by  its  long,  narrow  seed  heads,  which  £ire  often  black- 
ened by  smut  resulting  from  infection  by  the  fungus, 
Helminthosporium  ravenelii  Curt.  Introduced  into 
the  southern  United  States  and  South  America  from 
tropical  Asia,  smutgrass  has  become  a  serious  weed 
of  improved  pastures  in  sandy  Coastal  Plains  soils 
across  the  South.  It  is  common  along  roadsides, 
trails,  and  in  recreational  areas,  apparently  thriving 
under  adverse  conditions. 

Cattle  seldom  eat  smutgrass,  especially  after  the 
flower  stalks  are  formed.  Plants  not  infested  with  the 
black  fungus  produce  abund2mt  tiny  seeds  that  are 
eaten  by  birds  and  small  mammEils. 

Range:  Texas  and  Oklahoma  to  Florida  and  Vir- 
ginia. 


Perennial.  Culms  erect,  30-100  cm  tall,  glabrous; 
blades  15-55  cm  long,  1.5-3.0  mm  wide;  sheaths 
glabrous,  longer  than  internodes,  junction  with  blade 
obscure;  ligule  a  ring  of  very  short  h£dr;  panicle  spike- 
like but  interrupted,  10-40  cm  long,  3-6  mm  thick; 
spikelets  1.5  -  2.0  mm  long;  seed  naked,  reddish. 
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Pineywoods  Dropseed — Sporobolus  junceus  (Michx.)  Kunth 


Pineywoods  dropseed  is  a  bunchgrass,  with  basal 
tufts  £irising  from  short,  scaly  rhizomes.  In  light  her- 
baceous cover  it  may  form  large  dense  clumps.  Where 
grass  is  dense,  bunches  Eire  usually  small,  often  con- 
sisting of  only  a  few  slender  tufts.  Foliage  is  mostly 
basal.  Leaf  blades  are  long,  slender,  blue  green,  £md 
practically  hairless.  They  often  fold  lengthwise, 
becoming  almost  tubelike  in  cross  section.  Thus,  the 
leaves  may  superficially  resemble  longleaf  pine  nee- 
dles. Flower  stalks  are  1  to  2  feet  tall.  They  end  in  dis- 
tinctive yeUow-  to  brown-bronze,  narrowly  conicsd 
panicles  that  are  usually  4  to  6  inches  long  and  about 
one-third  as  wide. 

Until  inflorescences  appear,  pineywoods  dropseed 
resembles  cutover  muhly.  The  latter  is  distinguisha- 
ble by  its  prominent,  white,  pointed  ligule,  £ind  by 
fragments  of  old  basal  foliage,  which  persist  as  a  tein- 
gled  mat  of  straw-colored  fibers.  The  ligule  in  piney- 
woods dropseed  is  barely  visible,  and  fibers  of  basal 
sheaths  are  nonpersistent. 

Pineywoods  dropseed  rates  fair  as  a  forage  grass. 
Its  leaves  become  tough  by  midseason;  thus,  palata- 
bility  is  low  during  summer  and  fall.  Herbage  often 
remEiins  green  well  into  the  winter.  Although  nutri- 
tive content  is  low  during  winter,  cattle  are  attracted 
by  the  green  color,  and  they  may  eat  large  amounts. 
On  a  Louisiana  range  where  this  species  was  only  1 
percent  of  the  ground  cover,  it  provided  3  to  5  percent 
of  the  yeEirly  diet.  In  Jemueiry  and  February,  it  sup- 
plied about  10  percent  of  the  grazing. 

Range:  Coastal  Plain,  Texas  to  Florida  and  Vir- 
ginia. 


Bare   panicle 


Perennial.  Culms  30-100  cm  tall,  erect,  rigid,  slen- 
der, in  small  clumps,  leafy  at  the  base,  naked  above, 
from  short,  scaly  rhizomes;  sheaths  glabrous, 
strongly  overlapping;  ligule  a  smooth  or  ciliated  short 
membrane;  blades  2-4  mm  wide,  2-25  cm  long, 
folded  or  involute  with  a  thickened,  pointed  apex, 
glabrous,  base  of  lower  blades  with  setaceous  mar- 
gins, the  upper  blades  short  and  far  below  the  panicle; 
panicle  2-5  cm  wide,  10-20  cm  long,  lanceolate, 
with  severed  sets  of  verticillate,  spreading  bremches 
spaced  at  regular  intervals;  spikelets  2.5  -  3.5  mm 
long,  acute,  lanceolate,  green,  purple,  or  bronze  in 
color;  glumes  of  unequal  length;  lemma  and  palea 
thin,  free  from  the  seed;  seed  ovoid,  brown,  1.5  -  2.0 
mm  long. 


Young  plant 


Habit 


plii 
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Pinebarren  Tridens — Tridens  ambiguus  (Ell.)  Schult. 


Pinebarren  tridens  grows  on  moist  flatwoods  sites, 
particularly  where  moderate  to  heavy  grazing  pre- 
vents accumulation  of  a  heavy  rough.  It  is  commonly 
associated  with  slender  bluestem,  both  on  cutover 
lands  and  under  open  pine  canopies. 

Leaves  are  mostly  basal,  usually  with  one  or  two 
small  tufts  per  plant.  They  are  generally  pale  green, 
but  the  upper  surface  is  sometimes  gray-green. 
Blades  are  about  '/s  inch  wide  and  up  to  12  inches 
long.  Except  for  conspicuously  hairy  leaf  coUeirs,  the 
foliage  is  hairless.  Flower  stalks  2  to  3  feet  tall  sup- 
port open  panicles  that  bear  small,  orange-tan  to  pur- 
plish spikelets.  Panicle  branches  characteristically 
point  upward  at  an  angle  of  less  than  45°  from  the 
main  axis.  Spikelets  measure  Ve  to  H  inch  long,  each 
with  four  to  seven  flowers.  Spikelets  are  round  in 
cross  section  when  immature  but  become  flattened 
with  age. 

Pinebarren  and  other  tridens  grasses  may  be  mis- 
taken for  lovegrasses  (Eragrostis  spp.)  because  of  the 
several-flowered,  flattened  spikelets.  The  genus  Tri- 
dens is  characterized  by  lemmas  with  three  hairy 
nerves  that  project  beyond  the  margin  of  the  lemma 
tip,  while  the  lemma  of  Eragrostis  has  hairless  nerves 
which  do  not  extend  past  the  margin. 

Severed  species  of  Tridens  grow  on  southern  pine 
ranges.  Purpletop,  T.  flavus  (L.)  Hitchc,  is  a  robust 
perennial  occupying  old  fields  and  timbered  sites.  It 
is  distinguishable  by  its  large  panicles  with  drooping 
branches  and  dark  purple  spikelets.  Longspike  tri- 
dens, T.  strictus  (Nutt.)  Nash,  inhabits  wet  sites.  Its 
dense,  spikelike  panicle  differs  distinctly  from  the 
open  inflorescence  of  other  common  tridens  grasses. 
Also,  its  spikelets  have  glumes  longer  than  the  lowest 
florets.  Carolina  tridens,  T.  carolinianus  (Steud.) 
Henr.,  is  a  rhizomatous  species,  infrequent  on  moist 
sandy  sites,  with  an  inflorescence  similar  to  that  of 
pinebeirren  tridens.  In  both,  mature  spikelets  are 
slightly  flattened  in  cross  section  and  %  inch  or  more 
long. 

Young  foliage  of  pinebarren  tridens  is  grazed  in  the 
spring  and  egirly  summer.  Because  plants  are  widely 
scattered  and  foliage  is  sparse,  this  species  contrib- 
utes little  to  the  yearly  diet  of  cattle.  After  the  pani- 
cles emerge,  plants  are  grazed  sparingly,  if  at  all.  The 
spikelets  emit  a  distinctive  pungent  odor  that  may 
account  for  the  low  psilatability  of  mature  plants. 

Range:  Coastal  Plain,  Texas  to  Florida  and  South 
Czirolina. 


Perennial.  Culms  60-100  cm  tall,  from  a  knotted 
base,  slender,  erect;  sheath  flattened,  shorter  than  the 
intemodes,  glabrous;  ligule  a  conspicuous  ring  of 
hairs;  blades  pointed,  flat  or  slightly  involute,  the 
upper  short,  the  lower  long,  but  not  exceeding  the 
extended  panicle;  inflorescence  a  loose,  tem  or  pur- 
plish painicle  8-20  cm  long  with  ascending  branches; 
spikelets  4-6  mm  long,  3-4  mm  wide,  4-  to  7-flow- 


Had/f 


ered,  flattened;  florets  conspicuously  pilose  on  the 
lower  half;  lemma  with  three  prominent  veins  form- 
ing short  teeth  at  the  apex;  palea  with  a  conspicu- 
ously bowed  keel. 
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GRASSLIKE  PLANTS 


Because  they  superficieilly  resemble  grasses,  mem- 
bers of  the  sedge  family  (Cyperaceae)  and  rush  family 
(Juncaceae)  are  known  as  grasslike  plants.  They  are  a 
minor  part  of  the  vegetation  on  most  upland  pine  for- 
est sites,  but  several  species  grow  abundantly  on 
poorly  drained  soils. 

The  sedges  most  closely  resemble  grasses;  both  the 
sedge  and  grass  families  belong  to  the  order  Gramin- 
£des.  Their  flowers  are  in  spikelets  and  lack  regular 
sepals  and  petals,  each  flower  being  subtended  by 
bracts  or  scales.  In  most  sedges,  the  stems  are  solid 
and  triangular  in  cross  section,  with  leaves  three- 
ranked;  grass  stems  are  more  or  less  cyUndrical  and 
leaves  are  in  two  ranks.  Sheaths  of  sedge  leaves  Eire 
closed  tubes  that  encase  the  stem.  In  all  but  a  few 
grasses,  sheaths  are  open.  A  minor  technical  differ- 
ence distinguishes  the  one-seeded  sedge  fruit,  an  ach- 
ene,  from  the  grass  fruit,  a  caryopsis. 

Rushes  are  related  more  closely  to  lilies  than  to  the 


grasses.  Despite  their  morphological  simileirity  to  lily 
flowers,  rush  flowers  appear  grassUke,  with  sepals 
and  petals  that  are  small  and  chaffy  or  membranous. 
Although  flowers  may  occur  in  dense  heads,  or  glome- 
rules,  each  is  a  separate  unit  with  three  sepals,  three 
petals,  and  reproductive  parts.  The  fruit  is  a  capsule 
with  many  seeds.  Stems  may  be  rounded  or  flattened 
and  pithy  or  hollow.  Unlike  grass  stems,  rush  stems 
are  not  jointed.  Rush  leaves  are  mostly  bas£d  emd  not 
distinctly  two-  or  three-ranked,  as  in  grasses  and 
sedges. 

Grasslike  plants  eire  importzmt  in  the  cattle  diet 
only  on  wet  sites.  Forage  value  is  generedly  inferior  to 
that  of  grasses.  Cattle  graze  both  rushes  £md  sedges 
in  spring  and  early  summer  but  usually  avoid  them  in 
late  summer  and  fall.  Since  the  plants  often  remain 
green  well  into  the  winter,  cattle  may  again  seek  them 
after  frost  kills  back  other  herbage. 
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Blue  Sedge — Carex  complanata  Torr.  &  Hook. 


Blue  sedge  plants  are  stiffly  erect  and  3  feet  tall  or 
less.  They  form  many-stemmed  clumps  from  knotty 
rootstocks,  growing  mostly  on  upland  sites  in  asso- 
ciation with  bluestem  £ind  panicum  grasses. 

Flowers  are  unisexual,  with  male  flowers  found 
only  baseilly  on  the  uppermost  spike;  the  remainder  of 
this  spike  is  comprised  of  female  flowers.  The  upper- 
most spike  is  the  only  mixed  spike;  spikes  below  this 
are  made  up  of  only  female  flowers,  £ind  usually  there 
are  no  more  than  four  of  these  femede-only  spikes.  The 
spikes  are  densely  flowered,  Va  to  1  inch  long,  and 
about  '/4  inch  wide.  Bracts  subtending  each  flower 
give  the  spikes  a  bristly  appearance.  The  sac  (peri- 
gynium)  enclosing  individual  female  flowers  is  flat- 
tened, with  obtuse  or  rounded  tips. 

Leaves  are  stiff  and  erect,  with  blades  about  Vie 
inch  wide.  Although  a  few  hairs  are  scattered  on  the 
leaf  sheaths,  plants  generally  appear  smooth  and 
hairless.  Basal  sheaths  are  purplish  or  reddish  brown. 
Leaves  seldom  exceed  the  inflorescence,  but  one  or 
two  leaflike  bracts  may  surpass  the  upper  spike. 

Although  plants  are  often  numerous,  they  produce 
little  herbage.  Hence,  blue  sedge  seldom  contributes 
significantly  to  the  cattle  diet. 

Fraink  sedge,  Carex  frankii  Kunth,  on  moist  hard- 
woods sites,  and  southern  sedge,  C  glaucescens  Ell., 
on  pine-hardwoods  uplands,  are  common  throughout 
the  South.  Both  have  leaf  blades  Va  to  Vi  inch  wide. 
Blades  of  southern  sedge  have  a  gray-green  upper 
surface;  this  coloration  is  lacking  in  Frank  sedge. 
Southern  sedge  is  the  taller  of  the  two,  but  both  may 
exceed  2  feet  in  height. 

Range:  Texas,  Oklahoma,  £md  Missouri  to  Georgia 
2ind  Pennsylvania. 


(TOP  VIEW) 


Fruit 
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Habit 


Perennial.  Stems  30  -  1 20  cm  tall,  stiff,  erect,  usually 
in  small  dense  clumps  from  short,  knotty  rhizomes; 
leaves  stiffly  ascending;  blades  2-4  mm  wide,  elon- 
gate; basal  sheaths  purplish  to  brownish  red,  older 
sheaths  becoming  fibrous  at  base  of  stem;  infloresc- 
ence of  two  to  five  spikes,  the  terminal  spike  stami- 
nate  at  base,  pistillate  above;  other  spikes  pistillate; 
spikes  8-15  mm  long,  5-7  mm  thick,  the  terminal 
spike  usually  longest;  flowers  subtended  by  lanceo- 
late, scEirious-margined  bracts;  staminate  flowers 
with  three  stamens;  pistillate  flowers  with  an  ovary 
enclosed  in  a  beakless,  flattened,  ovoid  perigynium 
about  2  mm  long;  fruit  an  achene  1.5-2.0  mm  long, 
triangular  in  dorsal  outline,  acute-ellipsoid  in  lateral 
outline. 
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Lurid  Sedge — Carex  lurida  Wahl. 


Lurid  sedge  grows  1  to  3  feet  tall  in  wet  woods  or 
swampy  sites,  forming  dense  clumps  from  stout  scaly 
rhizomes.  The  inflorescence  consists  of  two  to  five 
spikes,  the  uppermost  with  male  flowers  and  those 
below  with  femede  flowers.  Both  male  and  female 
spikes  are  Vi  to  3  inches  long.  Male  spikes  are  only 
about  '/s  inch  in  diameter,  while  the  female  spikes 
exceed  Vi  inch.  Flowers  appear  early  in  spring,  the 
spikes  persisting  through  the  growing  season. 

Leaves  are  about  '/4  inch  wide  and  15  inches  long. 
Stems  are  leafy  throughout.  The  upper  leaves,  as  well 
as  the  leaflike  bract  below  the  inflorescence,  usually 
exceed  the  inflorescence  in  height.  Leaf  blades  are  yel- 
low green;  basal  parts  of  the  lowest  leaf  sheaths  are 
purplish. 

Individual  clumps  of  lurid  sedge  produce  as  much 
herbage  as  many  of  the  grasses.  Because  plants  are 
seldom  abundant,  except  on  very  wet  sites,  this  spe- 
cies is  not  important  for  forage. 

Range:  Texas  to  Florida,  extending  north  to  Can- 
ada. 


Perennial.  Stems  glabrous,  20-  100  cm  taU,  in  dense 
clumps  from  short,  stout  rhizomes,  usually  bending 
somewhat  under  the  weight  of  the  spikes;  leaves  2-7 
mm  wide,  30  -  40  cm  long,  pede  green  or  yellow  green, 
glabrous,  upper  leaves  exceeding  inflorescence;  inflo- 
rescence a  terminal  staminate  spike  with  one  to  four 
pistillate  spikes  below;  staminate  spikes  1-7  cm  long 
and  2-3  mm  thick;  pistillate  spikes  burlike,  1-7  cm 
long,  1.5  -  2.0  cm  thick;  individual  flowers  subtended 
by  lemceolate  bracts;  staminate  flowers  with  three 
stamens;  pistillate  flowers  with  ovary  enclosed  in 
ovoid,  beaked  perigynium  6-9  mm  long,  2.5-3.0 
mm  thick;  fruit  an  obovoid,  3-angled  achene  2.0-2.5 
mm  long. 


MALE  SPIKE 
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Green  Flatsedge — Cyperus  virens  Michx. 


Green  flatsedge  often  grows  in  small  colonies  on 
wet  sites  and  in  small  low  areas  on  otherwise  weU- 
drained  soils.  Pl£ints  spread  vigorously  from  long, 
thick  rhizomes,  normally  reaching  about  2  feet  in 
height  but  sometimes  exceeding  3  feet. 

As  in  all  Cyperus  species,  a  whorl  of  leafy  bracts 
subtends  the  green  flatsedge  inflorescence,  exceeding 
it  in  height.  In  the  immature  inflorescence,  flatness  of 
the  individual  spikelets  is  obscured  by  the  density  of 
the  clusters.  As  the  spikelets  develop,  however,  new 
flowers  form  at  the  tips,  and  the  lower,  mature  flow- 
ers fall.  Thus,  by  midsummer  the  inflorescence  con- 
sists of  loose  clusters  of  distinctly  flat  spikelets  borne 
on  naked  stalks.  Mature  spikelets  £u-e  about  '/s  inch 
wide  emd  less  than  V32  inch  thick.  Spikelet  length 
depends  on  maturity,  ranging  from  about  '/i  inch  in 
young  inflorescences  to  V2  inch  at  maturity.  Each 
flower  of  the  spikelet  produces  a  straight,  narrow 
achene  about  Vie  inch  long. 

Leaves  are  all  basal.  They  are  about  Va  inch  wide  at 
the  base,  abruptly  narrowing  to  about  '/s  inch,  then 
tapering  gradually  to  a  fine  point.  Blades  ascend 
stiffly,  reaching  2  feet  or  more  in  length.  Near  their 
bases,  leaves  are  loosely  coated  with  a  mat  of  fine 
hairs;  otherwise,  plants  are  hairless.  Small  warty 
lumps  often  appear  between  veins  of  the  blades,  giv- 
ing the  leaves  a  knotty  appearance. 

Although  green  flatsedge  is  common,  it  is  unim- 
porteint  as  forage.  The  foliage  is  not  readily  eaten  by 
cattle,  and  the  seed  apparently  has  httle  value  for 
wildlife. 

Range:  Texas  to  Florida,  extending  north  to  Kan- 
sas, Missouri,  Illinois,  euid  New  Jersey. 


3min 

Spikelet  (f WO  views) 


Habit 


Perennial.  Scapes  to  1  m  tail,  forming  clumps  or  colo- 
nies from  stout  rhizomes;  leaves  basal,  ascending, 
elongate,  usually  exceeding  the  inflorescence,  the 
base  4-7  mm  wide  and  woolly-pubescent;  blade  gla- 
brous on  upper  surface,  1-2  mm  wide,  gradually  nar- 
rowing to  tip;  inflorescence  an  umbel  of  spikelet  clus- 
ters, subtended  by  an  involucre  of  leaflike  bracts, 
peduncles  unequal  in  length;  spikelets  3-4  mm  wide, 
up  to  14  mm  long;  fruit  a  Linear  achene  up  to  1  mm  in 
length. 
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Annual  Spikesedge — Eleochans  microcarpa  Torr. 

Annual  spikesedge  inhabits  wet  meadows  and 
swampy  areas.  It  grows  in  small  clumps  with  many 
hairlike  flower  stalks  averaging  6  inches  high.  Each 
stalk  ends  in  a  single  ovoid,  several-flowered  spikelet 
about  '/g  inch  long.  Spikelet  scales  are  pale  with  a 
papery  texture.  The  inconspicuous  basal  leaves 
resemble  the  flower  stalks  but  are  usally  shorter. 

The  fruits  are  barely  visible  to  the  naked  eye.  With 
magnification,  they  appear  ovate  in  outline.  They  are 
three-angled  in  cross  section,  with  prominent  ribs. 
The  persistent  base  of  the  style  forms  a  green  cap 
(tubercle)  at  the  apex. 

Flowers  appear  in  spring  eind  seeds  mature  in  early 
summer.  Seeds  germinate  in  late  winter,  and  plants 
begin  growth  before  most  grasses.  Cattle  may  graze 
this  early  herbage;  otherwise  annual  spikesedge  has 
little  forage  value. 

Another  euinual,  conecap  spikesedge,  Eleochans 
tuberculosa  (Michx.)  R.  &  S.,  resembles  annual  spike- 
sedge in  size  £ind  general  appearance,  but  is  distin- 
guishable by  its  large  tubercle,  which  equals  the  seed 
in  size.  Hairsedge,  Bulbostylis  capillaris  (L.)  C.  B. 
Clsirke,  another  small  fine-stemmed  annual,  is  recog- 
nizable by  its  cluster  of  brown  ovoid  spikelets  at  the 
bremch  tips. 

Range:  Coastal  Plain,  Louisiana  to  Florida  and 
Virginia. 


Annual.  Stems  slender,  4-angled,  5-30  cm  tall,  in 
small,  m£iny-stemmed  tufts;  leaves  reduced  to  slender 
basal  sheaths  around  the  flower  stalks;  inflorescence 
a  termined  spikelet,  leinceolate  to  oblong  or  ovate, 
2-7  mm  long,  1.0-1.5  mm  thick,  several-flowered, 
lower  flowers  feilling  when  mature;  flowers  enclosed 
by  scarious-margined  sceiles;  fruit  a  3-angled,  obovoid 
achene,  0.5  mm  in  diameter  with  a  minute  warty 
tubercle  at  the  top. 
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Common  Umbrella-Grass — Fuirena  scirpoidea  Michx. 

Common  umbrella-grass,  or  umbreUa-sedge,  is  a 
peremiial  sedge  found  on  lake  shores,  low  pinelands, 
and  fresh  water  marshes  of  the  Coastal  Pledn.  Stalks 
about  1  foot  tall  arise  in  early  spring  from  slender 
rootstocks,  usually  forming  colonies.  Stedks  are 
unbranched  and  leaves  are  few  and  reduced  to 
sheaths  only.  From  one  to  four  bristly  spikelets  ter- 
minate each  stalk.  Hairy  umbrella-grass,  Fuirena 
squarrosa  Michx.,  occurs  southwide  in  ditches  and 
marshes.  It  is  hedry,  not  strongly  rhizomatous,  and, 
unlike  common  umbrella-grass,  has  leaf  blades. 

Although  cattle  graze  the  young  growth  of  com- 
mon umbrella-grass  readily,  the  scant  foliage  pro- 
vides Uttle  forage  for  grazing  animeds. 

Range:  Coastal  Plain,  Louisiana  to  Florida  and 
Georgia. 


Perennial.  Stems  20-60  cm  tall,  unbranched,  rhizo- 
matous; leaves  reduced  to  sheaths  only,  with  oblique 
margins;  spikelets  solitary  or  in  clusters  of  two  to 
four,  8-12  mm  long,  scales  pubescent,  3-4  mm  long 
with  a  short  subulate  tip,  blades  of  the  perianth 
scales  ovate,  about  1  mm  long  rounded  at  base;  fruit 
an  oval-rhombic  or  somewhat  obovoid  achene,  about 
1  nun  long. 


HotMt 
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Pinehill  Beakrush — Rhynchospora  globularis  (Chapm.)  Small 


Pinehill  beakrush  may  be  the  most  common  sedge 
on  southern  pine-bluestem  range.  It  grows  most 
abundantly  on  poorly  drained  flatwoods  or  other  wet 
sites  but  is  also  a  common  associate  of  bluestem 
grasses  on  drier  soUs.  Its  brown  seed  heads  often 
dominate  the  landscape  in  late  spring  or  early  sum- 
mer before  most  grasses  produce  seedstalks. 

Plants  grow  in  small  tufts  with  erect  basal  leaves  4 
to  12  inches  long  and  Vie  to  V%  inch  wide.  There  are 
one  to  several  seedstalks  per  plant,  eind  the  range  in 
height  is  from  6  inches  to  over  3  feet.  Leaves  are 
mainly  basal,  but  a  few  reduced  leaves  £ire  borne  on 
the  stedk  up  to  the  base  of  the  inflorescence.  Stalks, 
erect  when  young,  recUne  as  plants  mature. 

The  inflorescence  consists  of  spikelet  clusters  on 
branches  arising  from  the  axils  of  upper  leaves.  Each 
branch  divides  into  a  compound  head,  with  each  bran- 
chlet  supporting  a  compact  cluster  of  spikelets. 
Although  a  spikelet  has  several  flowers,  seldom  will 
more  than  one  fruit  mature.  Spikelets  are  rusty 
brown  and  about  '/s  inch  long.  The  fruit,  about  Vie 
inch  long,  is  a  hard,  oval,  wrinkled  achene,  slightly 
flattened,  with  the  renmant  of  the  style  forming  a 
pointed  cap  or  "beak."  A  whorl  of  bristles,  somewhat 
shorter  than  the  fruit,  arises  from  the  base  of  the  ach- 
ene. 

On  some  sites,  pinehill  beakrush  provides  up  to  3 
percent  of  the  annual  cattle  diet.  Beeikrush  seeds  are 
considered  good  quail  food. 

Other  common  beakrushes  on  southern  pine  range 
are  cluster  beakrush,  Rhynchospora  glomerata  (L.) 
Vahl,  conmion  beakrush,  R.  fascicularis  (Michx.) 
Vahl,  and  big  beakrush,  R.  cephalantha  Gray.  All  are 
widely  distributed  in  the  Gulf  and  Atlantic  Coastal 
Plains,  where  they  are  found  on  wet  or  moist  s£indy 
sites.  They  can  be  separated  from  pinehill  beakrush 
and  from  each  other  by  glomerule  eind  spikelet  char- 
acteristics as  shown  in  the  accompanying  illustra- 
tions. Nodding  beakrush,  R.  inexpansa  (Michx.)  Veihl, 
another  common  species  across  the  South,  has  spike- 
lets in  loose,  nodding  clusters.  Homed  beakrush,  R. 
comiculata  (Lam.)  Gray,  is  a  common  large  plant 
growing  in  ditches  or  other  wet  sites.  The  infloresc- 
ence is  profusely  branched,  with  few  spikelets  in  each 
of  numerous  clusters.  The  brown  spikelets  are  nar- 
row, tapering  to  a  bristle-tipped  apex.  The  fruit  has  a 
beak  that  is  commonly  longer  than  the  body  of  the 
fruit. 

Range:  Coastal  Plain,  New  Jersey  to  Florida  and 
east  Texas,  extending  inland  to  Tennessee,  Missouri, 
and  Oklahoma. 


Perennial.  Culms  glabrous,  to  1  m  tall,  reclining  as 
flowers  mature;  leaves  glabrous,  mainly  basal,  2-5 
mm  wide,  up  to_35  cm  long;  cauline  leaves  reduced, 
the  uppermost  bractlike,  subtending  and  exceeding 
inflorescence  branches;  inflorescence  a  terminal  cyme 


Icm 

Spikelet  cluster 


Habit 


and  one  to  six  lateral,  often  distant,  cymes;  cymes 
1.0-3.5  cm  in  diameter,  branches  terminating  vl 
glomerules  of  many  crowded  spikelets;  spikelets 
2.5  -  4.0  mm  long,  broadly  ovoid  to  subrotund,  sev 
eral-flowered  but  maturing  only  one  or  two  fruitsj 
fruit  an  achene,  1.3-1.6  mm  long,  1.2-1.5  mm  widej 
tubercle  0.3-0.6  mm  high,  deltoid-conical;  bristlefi 
one-half  to  three-fourths  as  long  as  achene. 
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Fringed  Razorsedge — Selena  ciliata  Michx. 


Fringed  razorsedge  is  a  common  but  seldom  abun- 
dant sedge  found  on  sEindy  pineleinds  of  the  Coastal 
Plain.  It  is  a  perennial,  with  stems  10  to  25  inches 
long  arising  from  knotty  rhizomes,  nodding  at  matu- 
rity under  the  weight  of  the  termin2d  inflorescence. 
Stems  are  triangular  with  several  leaves  arising  from 
the  base  and  lower  hedf  of  the  stem.  The  inflorescence 
consists  of  one  to  three  clusters  of  spikelets;  clusters 
may  consist  of  staminate  or  pistillate  flowers,  or 
both.  The  white,  bony,  naked  fruit  is  a  distinguishing 
characteristic  of  the  razorsedges.  The  fruit  of  fringed 
razorsedge  is  globose,  about  Vie  inch  in  diameter,  and 
roughened  with  bony  ridges. 

Other  razorsedges  with  wide  distribution  in  coastal 
states  Eu-e  little  razorsedge,  Seleria  georgiana  Core, 
whip  razorsedge,  S.  triglomerata  Michx.,  and  annual 
razorsedge,  S.  reticularis  Michaux.  Vegetatively, 
these  other  razorsedges  resemble  fringed  rzizorsedge, 
although  sizes  vary.  Little  rgizorsedge  is  similar  in 
size,  but  the  fruits  Eire  smooth  with  longitudinal 
ridges;  viable  fruits  are  dark  and  sterile  fruit  are 
white.  Whip  and  annual  razorsedges  are  more  robust 
plants.  Fruits  of  whip  razorsedge  are  smooth,  shiny, 
and  bright  white;  those  of  annual  razorsedge  may 
be  hairy. 

Razorsedge  fruits  are  generally  classed  as  desir- 
able food  for  quail,  doves,  and  other  birds.  Fringed 
razorsedge  fruit  is  considered  an  importEint  quail  food 
across  the  South.  Annual  razorsedge  fruit  is  a  pre- 
ferred food  of  bobwhite  quail  Eind  mourning  doves  in 
southern  Florida.  Plants  of  all  species  Eire  generally 
too  sparse  to  be  vEiluable  as  forage  for  deer  or  live- 
stock. 

Range:  Texas  and  Missouri,  extending  east  to 
Florida  and  Virginia. 


Perennial.  Culms  tufted,  from  knotty  rhizomes,  3- 
angled,  30  -  60  cm  long;  leaves  glabrous  or  pubescent, 
to  20  cm  long,  1-7  mm  wide;  inflorescence  of  two  to 
three  terminal  or  axillary  cymes,  each  with  few  spike- 
lets  1-3  cm  long;  spikelets  unisexual,  few-flowered; 
achenes  globose,  white,  verrucose,  2-3  nun  in  diEune- 
ter. 
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Twinflower  Rush — Juncus  biflorus  Ell.— (included  with  J.  marginatus  Rostk.  by  some  recent  authors) 


Although  not  abundant,  twinflower  rush  is  con- 
spicuous at  maturity  because  of  its  tall  flower  stalks 
and  large  brown  seed  heads.  It  grows  meiinly  in 
ditches,  along  shores,  or  in  other  low,  wet,  usually 
sandy,  open  sites.  Flower  stalks  2  to  4  feet  tall  are 
produced  in  spring  from  coarse  rhizomes.  Infloresc- 
ences, appearing  almost  simultaneously  with  the 
stalks,  are  2  to  8  inches  long,  but  usually  about  4 
inches.  They  are  profusely  branched,  the  branches 
ascending  at  angles  of  45°  or  less.  Flowers  are  numer- 
ous, small,  and  brown.  Usually  two  or  more  are  borne 
at  each  branch  tip  and  in  the  axil  of  each  branch.  At 
maturity,  normally  in  May,  seed  capsules  are  spheri- 
cal. Authors  who  hst  both  Juncus  biflorus  and  J. 
marginatus  consider  J.  marginatus  a  less  robust  form 
without  rhizomes. 

Basal  leaves  are  about  '/4  inch  wide  and  up  to  12 
inches  long.  Upper  leaves  are  somewhat  reduced. 
Lower  leaves  usually  turn  brown  before  seeds  mature. 

Young  leaves  provide  some  early  green  forage  for 
cattle,  but  the  plant  is  not  abundant  enough  to  con- 
tribute appreciably  to  the  diet. 

Range:  Texas  to  Florida,  extending  north  to  Mas- 
sachusetts, southern  Michigan,  lUinois,  Missouri, 
eind  Oklahoma. 


Perennial.  Stem  60-130  cm  tall,  forming  loose 
clumps  from  scaly  rhizomes;  leaves  of  lower  stems 
4-7  mm  wide  and  15-30  cm  long,  the  upper  about 
half  the  size  of  the  lower;  inflorescence  a  cyme  5-20 
cm  long,  branches  ascending;  flowers  1.5-3.0  mm  in 
dieimeter,  in  clusters  of  two  to  several  at  tips  and  in 
axils  of  inflorescence  branches;  sepals  three,  acumi- 
nate; petals  three,  blunt,  scarious-margined;  fruit  a 
capsule,  equaling  the  perianth. 
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Common  Rush — Juncus  effusus  var.  solutus  Fern.  &  Wieg. 


Common  rush,  also  called  rice  rush  and  soft  rush, 
grows  in  swamps,  along  stream  banks,  or  on  other 
wet  sites.  It  is  represented  by  several  varieties 
throughout  the  United  States,  but  only  the  variety 
solutus  occurs  in  the  South. 

Plant  height  averages  3  feet,  but  may  reach  6  feet. 
Numerous  round  seedstalks  arise  from  a  stout  rhi- 
zome to  form  dense  clumps.  The  leaf  is  a  brown 
sheath  that  encircles  the  seedstalk  to  a  height  of 
about  5  inches.  The  blade  is  reduced  to  a  minute  bris- 
tle at  the  sheath  tip.  Leathery  rush,  Juncus  coriaceus 
MacKenzie,  which  is  also  common  southwide,  has 
elongate  leaf  blades  terminating  some  sheaths  and  a 
few-flowered,  usueilly  branched,  inflorescence. 

Flower  clusters  appear  to  emerge  from  one  side  of 
the  flower  stalk.  Actually,  the  inflorescence  is  ter- 
minal, subtended  by  a  single,  erect  bract  that  may  be 
misidentified  as  a  continuation  of  the  stalk.  Common 
rush  is  appEirently  the  only  southern  freshwater  rush 
with  this  characteristic. 

When  fully  expanded,  usually  by  May  1,  the  freely 
branching  inflorescence  is  about  5  inches  long.  The 
many  small  flowers  are  single,  each  producing  a  cap- 
sular fruit  that  yields  many  tiny  seeds. 

New  leaves  and  stalks  of  common  rush  are  nutri- 
tious and  palatable,  but  because  of  its  scant  foliage, 
this  species  provides  little  forage. 

Range:  Throughout  the  United  States  and  Can- 
ada. 
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Details  of  mature  flower 
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Habit 


Perennial.  Stems  to  2  m  tall,  from  stout  rhizomes, 
forming  dense  clumps;  leaves,  the  lower  reduced  to 
reddish  brown  basal  sheaths,  the  upper  including  a 
slender  scalelike  blade  1  mm  long;  inflorescence  a 
terminal  cyme  1-12  cm  in  diameter;  flowers  borne 
singly  on  cyme  branches;  sepals  three,  acuminate, 
about  2  mm  long;  petals  three,  acuminate,  approxi- 
mately equaling  sepals;  fruit  a  capsule,  equaling  or 
shghtly  shorter  than  the  perianth. 
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Needlepod  Rush — Juncus  scirpoides  Lam. 

Needlepod  rush  grows  on  riverbanks  £ind  in  shal- 
low ponds,  swamps,  and  wet  pinelands.  It  forms  open 
clumps  of  slender  stalks  1  to  3  feet  tall,  arising  from 
thick,  whitish  rhizomes.  Two  or  three  leaves  are 
spaced  along  the  stalk,  the  uppermost  subtending  the 
inflorescence.  Leaf  sheaths,  about  1  inch  long,  are 
spht  throughout  their  length.  Blades  are  round  in 
cross  section,  with  hollow  cores  divided  into  cham- 
bers by  regularly  spaced  partitions  that  impEirt  a 
ribbed  appearance  to  the  surface.  Leaves  are  about  4 
inches  long.  They  drop  early,  leaving  a  short  stub. 

Inflorescences,  when  fully  expanded,  are  about  3 
inches  long  and  1  inch  wide.  Flowers  are  in  heads  that 
may  be  arranged  in  either  a  terminal  cluster  or  in  two 
distinct  clusters,  one  terminal  and  the  other  2  to  3 
inches  lower  on  the  stem.  Heads  £ire  each  about  14 
inch  in  diameter  and  number  up  to  five  per  cluster. 
One  head  per  cluster  is  attached  directly  to  the  stem; 
the  others  are  on  short  stalks. 

Needlepod  rush  resembles  whiteroot  rush,  Juncus 
brachycarpus  Engelm.,  and  the  two  frequently  occur 
together.  The  seed  capsule  of  needlepod  rush  ends  in  a 
sharp  beak  that  extends  beyond  the  tips  of  the  flower 
petals  and  sepals;  the  short-beaked  capsule  of  white- 
root  rush  is  exceeded  by  the  floral  bracts. 

Because  of  its  dearth  of  foliage,  needlepod  rush  has 
little  forage  value. 

Range:  Texas  to  Florida,  extending  north  to  Okla- 
homa, Missouri,  IlUnois,  and  New  York. 
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Perennial.  Stems  erect,  30-80  cm  tall,  from  stout 
rhizomes;  leaves  terete,  1-2  mm  in  diameter,  5-15 
cm  long,  conspicuously  septate;  sheaths  open  and 
slightly  inflated,  with  a  conspicuous  auricle;  infloresc- 
ence a  cyme  3-15  cm  long  by  2  cm  wide,  with  4  to  15 
sphericEil  heads,  each  5-12  mm  in  diameter,  15-  to 
40-flowered;  sepals  three,  rigid,  lance-subulate,  about 
3  mm  long;  petals  three,  similar  to  sepals  but  shghtly 
shorter;  fruit  a  subulate  capsule,  equaling  or  usually 
exceeding  the  perianth. 
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Poverty  Rush — Juncus  tenuis  Willd. 

Poverty  rush,  known  also  as  hemp  rush  and  wire- 
grass  rush,  grows  along  trails,  in  yards,  and  in  other 
places  with  heavy  traffic.  It  starts  growth  in  late  win- 
ter, producing  smcdl,  dense  clumps.  Mature  stalks 
reach  about  2  feet  in  height.  Leaves  are  mostly  basal, 
usually  less  than  '/32  inch  wide  and  about  half  as  tall 
as  the  flower  stalks.  Flowers  appear  in  early  spring 
and  seeds  mature  in  April  or  May.  Inflorescences 
reirely  exceed  3  inches  in  length  and  1  inch  in  width. 
Flowers,  about  '/s  to  ^/le  inch  in  diameter,  are  borne 
singly.  Leaflike  bracts  subtend  the  inflorescence. 
They  are  long  and  narrow,  extending  above  the 
uppermost  flower. 

Poverty  rush  resembles  another  low-growing  rush, 
Juncus  dichotomus  Ell.,  which  grows  mainly  on 
undisturbed  sandy  sites.  Whereas  leaves  of  poverty 
rush  are  flattened,  those  of  J.  dichotomus  are  almost 
cylindrical.  In  poverty  rush,  a  membranous  auricle 
extends  beyond  the  summit  of  the  leaf  sheath;  the 
short,  rounded  auricle  of  J.  dichotomus  is  barely  per- 
ceptible. Because  the  leaves  of  both  species  are  nar- 
row, magnification  helps  in  detecting  these  differ- 
ences. 

Poverty  rush  is  seldom  grazed  except  in  winter 
when  better  herbage  is  unavailable.  It  supplies  little 
forage  on  most  sites. 

Range:  Throughout  most  of  North  America. 


Perennial.  Stems  in  clumps,  10-60  cm  tall;  leaves 
basal,  about  one-half  the  height  of  stems,  0.5-1.0 
mm  wide;  sheath  with  scarious  margin;  auricle  sca- 
rious,  1-3  mm  long;  inflorescence  a  cyme  1.5  - 15.0 
cm  long,  subtended  by  involucral  bracts  that  often 
exceed  the  cyme;  flowers  3-5  mm  in  diameter,  borne 
singly  at  tips  and  in  axils  of  ascending  branches  of 
cymes;  sepals  and  petals  lance-subulate,  scarious- 
margined,  equal  in  size;  fruit  a  capsule,  usually 
exceeded  by  the  perianth. 


Young  plant 


Hobit 
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Roundhead  Rush — Juncus  validus  Coville 


Roundhead  rush  grows  mainly  in  swales,  dreiin- 
ages,  and  sandy  flatwoods.  It  forms  loose,  leafy 
clumps  of  stems  2  to  3  feet  tall.  Although  it  is  not 
generally  abundant,  its  large,  stiff  inflorescence  is 
conspicuous. 

Flower  steilks  emerge  in  midspring  and  seeds 
mature  by  early  summer.  The  inflorescence  branches 
as  it  grows,  often  spreading  to  a  foot  or  more  at  matu- 
rity. Spherical  flower  heads,  about  Vi  inch  in  diame- 
ter, are  scattered  throughout  the  inflorescence. 

Leaves  are  mostly  basal,  the  largest  about  12 
inches  long  and  V*  inch  wide.  They  are  slightly  flat- 
tened, hollow,  and  segmented  by  internal  partitions 
that  impart  a  knotty  feel  to  the  surface.  This  "knot- 
leaf"  characteristic  is  common  to  several  species, 
however,  including  needlepod  rush.  The  flattened 
leaves  of  roundhead  rush  superficially  resemble  those 
of  blue-eyed-grass,  Sisyrinchium  spp.,  but  the  knotty 
blades  are  useful  in  distinguishing  the  species  before 
flower  stedks  appear.  The  larger  but  closely  related 
flatleaf  rush,  Juncus  polycephalus  Michx.,  has 
strongly  flattened  leaves  eind  its  capsules  are  capped 
by  a  solid  beak,  not  split  at  the  tip  as  in  roundhead 
rush. 

Cattle  graze  roundhead  rush  in  late  winter  and 
early  spring,  but  rushes  generally  provide  little  for- 
age. 

Range:  Texas  to  Mississippi  and  Missouri. 
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Perennied.  Stems  erect,  30  -  80  cm  tall,  from  short, 
knotty  rhizomes;  leaves  2-7  mm  wide,  up  to  40  cm 
long,  conspicuously  septate;  sheaths  scarious-mar- 
gined,  terminated  by  lanceolate  auricles  2-4  cm 
long;  inflorescence  an  open,  widely  branching  cyme 
up  to  50  cm  wide,  with  spherical,  many-flowered 
heads  at  branch  tips  and  in  axils;  heads  1.0-1.5  cm  in 
diameter;  flowers  with  sepals  and  petals  equal,  lance- 
subulate,  4-6  mm  long;  fruit  a  lance-subulate  cap- 
sule, exceeding  the  perianth. 
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FORBS 


The  term  "forb"  as  used  in  this  handbook  and  in 
range  management  generally,  refers  to  herbaceous 
plants  other  than  grasses  (family  Gramineae)  and 
grasslike  plemts  (families  Cyperaceae  £md  Juncaceae). 
Some  use  the  term  "weed"  for  such  plemts,  but  the 
word  has  a  noxious  connotation;  a  forb  (or  grass  or 
grasslike  plant)  becomes  a  weed  where  its  presence  is 
not  welcome,  as  in  a  lawn,  garden,  flower  bed,  or  soy- 
bean field. 

Forbs  are  numerous  on  southern  pine  ranges,  occa- 
sionally comprising  up  to  20  percent  of  the  ground 
cover.  They  may  add  variety  to  the  forage  supply, 
provide  food  and  cover  for  wildlife,  emd  improve  the 
soil.  Some  eire  more  tolerant  of  shade  or  plant  compe- 
tition than  others.  On  the  average,  forbs  furnish 


about  4  percent  of  the  cattle  diet.  Because  many  spe- 
cies surpass  grasses  in  protein,  phosphorus,  and  cal- 
cium content,  the  quantity  consumed  is  not  a  reliable 
indication  of  their  contribution  to  cattle  nutrition. 

Several  forbs  are  toxic,  but  cattle  poisoning  is 
infrequent.  These  toxic  plants  are  usually  unpalata- 
ble; moreover,  they  seldom  are  abundant  enough  to 
cause  trouble.  With  rare  exceptions,  cattle  consume 
poisonous  species  in  lethal  quantities  only  on  over- 
grazed ranges. 

Although  forbs  representing  dozens  of  plant  fami- 
lies Eire  found  in  the  South,  the  most  common  species 
on  longleaf  pine-bluestem  range  are  legumes  (Legumi- 
nosae)  and  composites  (Compositae). 


Legumes 


The  legume  family  (Leguminosae)  is  economically 
one  of  the  world's  most  important  plant  families.  It 
includes  peas,  bezms,  peanuts,  and  m£my  valuable 
pasture  plants— especially  the  clovers  (Tri folium  spp., 
Medicago  spp.,  Melilotus  spp.).  Legumes  vary  widely 
in  life  form,  from  annual  forbs  to  trees  over  100  feet 
tall.  Although  they  are  generally  chtiracterized  by 
compound  leaves,  irregular  pealike  flowers,  and  seed 
pods  that  split  longitudinally  when  ripe,  these  fea- 
tures are  far  from  universal.  Some  legumes  have  sim- 
ple leaves,  several  have  symmetrical  flowers,  and 


pods  of  some  species  remain  closed  at  maturity. 

Native  legumes  are  numerous  on  southern  pine 
ranges  but  usuEilly  comprise  a  small  part  of  the  total 
forage.  Legume  herbage  is  rich  in  protein;  thus,  small 
quantities  may  appreciably  improve  the  diet.  Most 
herbaceous  legumes  are  palatable  to  cattle,  but  a  few 
species— Nuttall  wildindigo,  for  example— are  grazed 
sparingly,  if  ever. 

Seeds  of  many  legumes  are  favorite  foods  of  wild- 
life. Several  species  are  grown  in  cultivated  food 
patches  to  improve  quail  habitat. 


73 


Nuttall  Wildindigo — Baptisia  nuttalUana  Small 


Nuttall  wildindigo  is  a  bushy,  herbaceous  per- 
ennial growing  from  large  woody  rootstocks.  It  is 
most  common  in  south-central  Louisiana  and  south- 
eastern Texas.  Mature  plants  are  usually  2  to  3  feet 
tall.  On  dry  sites  that  are  heavily  grazed  and  fre- 
quently burned,  Nuttall  wUdindigo  is  often  an  abun- 
dant understory  plant.  It  seldom  occurs  on  open 
cutover  sites,  probably  because  of  grass  competition. 

New  growth  emerges  in  late  winter  while  most 
other  forbs  are  dormant.  Plants  bloom  in  the  spring 
and  mature  in  early  summer,  turning  blue  black  (in- 
digo) at  maturity.  Pale  yellow  flowers  are  in  terminal 
racemes  or  solitary  in  leaf  axils;  commonly,  these 
arrangements  are  mixed.  Leaves  are  palmately  com- 
pound with  three  oblanceolate  or  elliptical  leaflets  1 
to  3  inches  long. 

Several  other  wildindigos,  also  called  false-indigos, 
occur  throughout  the  South  but  most  have  limited 
distribution.  Others  with  ranges  extending  west  of 
the  Mississippi  River  and  which  apparently  inter- 
grade  with  Baptisia  nuttalUana  and  each  other  are: 
whitestem  wildindigo,  B.  bracteata  var.  laevicaulis 
(Gray  ex  Canby)  Isely— a  low-growing  plant  with 
drooping  terminal  racemes  of  yeUow  flowers;  round 
wUdindigo,  B.  sphaerocarpa  Nutt.-£in  upright  branch- 
ing plant  with  several  to  many  erect  terminal  racemes 
of  yellow  flowers;  and  Atlantic  wildindigo,  B.  lactea 
(Raf.)  Thieret— (5.  leucantha  T.  &  G.)  an  upright 
branching  plant  with  an  elongated  terminal  raceme  of 
white  flowers. 

Species  whose  ranges  are  east  of  the  Mississippi 
River  include  pineland  wildindigo,  B.  lanceolata 
(Walt.)  Ell.,  with  leaflets  2  to  4  inches  long  and  single 
yellow  flowers  in  the  upper  leaf  axils,  and  yellow  wild- 
indigo, B.  tinctoria  (L.)  R.  Br.,  a  small-leaved,  erect, 
often  bushy  plant  with  yellow  flowers  terminating 
the  tallest  branches.  B.  tinctoria  has  been  used  for 
medicinal  purposes  in  the  Appalachian  region  as  a 
tonic  or  purgative. 

Only  one  species,  Atlantic  wildindigo,  is  reported 
as  poisonous  to  livestock,  but  any  species  should  be 
suspect  if  abundant.  The  seeds  of  Baptisia  have  lim- 
ited value  for  wildlife  food. 

Range:  East  Texas,  Louisiana,  Arkansas,  and 
western  Mississippi. 


Perennial.  Stems  40-100  cm  tall,  much  branched 
from  thick  rhizomes;  leaves  trifoliolate,  stipulate; 
leaflets  2-6  cm  long,  cuneate  to  obovate-cuneate, 
rounded  or  notched  at  the  apex,  glossy  above,  dull 
beneath,  with  scattered  pubescence;  flowers  papilion- 
aceous, solitary  in  upper  leaf  axils  or  1  to  12  in 
racemes  at  the  tips  of  leafy  branches;  calyx  8-10  mm 
long,  campanillate,  silky  pubescent;  corolla  pale  yel- 
low; keel  about  15  mm  long;  standard  with  reniform 
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blade  1.2-1.8  cm  broad;  legume  pubescent,  subgla 
bose,  long-stipitate,  thickwalled  and  woody  with  £ 
long,  slender  beak  (style),  the  body  1.0-1.7  cm  long 
seeds  many,  about  2.5  mm  long,  bean  shaped,  yellov* 
brown,  smooth. 
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Showy  Partridgepea — Cassia  fasciculata  Michx. 


Showy  partridgepea  is  an  annual  that  grows  on  a 
variety  of  sites  throughout  the  eastern  United  States. 
It  is  common  on  disturbed  areas,  often  forming  exten- 
sive colonies  along  firelines,  roadside  ditches,  and  in 
old  fields. 

Height  is  usually  about  2  feet,  but  ranges  from  6 
inches  to  3  feet.  In  years  of  normal  rainfall,  the  bright 
yellow  flowers  appear  continuously  through  most  of 
the  growing  season.  The  leaves  are  pinnately  com- 
pound, usually  with  10  to  15  pairs  of  leaflets.  A  smeill, 
dark,  saucer-shaped  nectary,  or  honey  gland,  is 
located  on  the  leaf  petiole  slightly  below  the  lowest 
pair  of  leaflets.  Seed  pods  are  less  than  3  inches  long. 

Plants  differ  widely  in  several  characters,  particu- 
larly size  and  pubescence,  and  several  varieties  have 
been  named.  Cassia  fasciculata  var.  brachiata  (Pol- 
lard) PuUen  ex  Isely,  grows  on  wet  sandy  flats  and 
other  moist  pinelands  of  south  Alabama  and  Florida. 
Largest  plants  reach  8  feet  in  height,  leaves  have  up 
to  25  pairs  of  leaflets,  and  the  pod  may  be  4  inches 
long. 

Sensitive  partridgepea,  C  nictitans  L.,  a  smooth 
smedl-flowered  species,  is  common  throughout  the 
Gulf  Coastal  Plain.  It  resembles  showy  partridgepea, 
but  the  flowers  are  much  smaller  £md  have  5  stamens 
compared  to  10  in  showy  partridgepea.  Cassia  aspera 
Muhl.  is  a  small-flowered  partridgepea  common  on 
sandy  pine  sites  of  the  Atlantic  Coastal  Plain  from 
Florida  to  South  Carolina. 

Cassia  deeringiana  (Small  and  Pennell)  J.F. 
Macbr.,  a  perennial  partridgepea  with  long  horizontal 
rootstocks,  is  found  on  sandy  scrub  oak  sites  in  Flor- 
ida, southern  Alabama,  and  southwestern  Georgia. 
The  perennial  plant  is  similar  to,  and  may  be  mis- 
taken for,  showy  partridgepea.  C.  deeringiana  is 
essentially  hairless,  and  the  annual  C.  fasciculata  is 
usually  noticeably  hairy;  the  rootstock  on  C.  deerin- 
giana, however,  is  the  most  reliable  distinguishing 
character. 

Although  showy  partridgepea  foliage  is  highly 
nutritious,  it  is  listed  as  a  poisonous  plant  and  should 
be  considered  potentially  dangerous  to  cattle  (Kings- 
bury 1964).  The  seeds  are  readily  eaten  by  quail  and 
patches  are  widely  cultivated  in  the  South  to  aug- 
ment natural  food  supplies.  Periodic  burning  favors 
all  partridgepeas. 

Range:  Texas  to  Florida,  extending  north  to  South 
Dakota,  southern  Ontario  and  Massachusetts. 
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Annual.  Stems  15-100  cm  tall,  from  a  taproot,  gla- 
brous to  densely  puberulent  to  villous;  leaves  even- 
pinnate,  sensitive,  with  nectaries  near  the  middle  of 
the  petiole;  leaflets  12  to  36,  linear-oblong,  1.0-2.5 
cm  long,  2-6  mm  wide,  inequilateral;  stipules  per- 
sistent, striate;  inflorescence  a  1-  to  6-flowered  axil- 


l2iry  fascicle;  pedicels  1-2  cm  long;  sepals  lanceolate, 
9-12  mm  long,  acute;  petals  bright  yellow,  almost 
equal,  1-2  cm  long;  stamens  10,  unequal,  10-13  mm 
long;  legume  elasticEiUy  dehiscent,  3-7  cm  long,  5-7 
cm  broad,  glabrate  or  appressed-puberulent  to  vil- 
lous. 
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Butterflypea — Centrosema  virginianum  (L.)  Benth. 


This  showy,  twining,  herbaceous  legume  is  com- 
mon on  well-drained  sites  throughout  the  southern 
states.  The  flowers  are  flattened,  almost  circular, 
pink,  and  about  1  inch  wide.  The  slender  pods,  aver- 
aging about  4  inches  long,  are  produced  throughout 
the  summer.  Leaves  are  pinnately  compound  with 
three,  usually  ovate,  leaflets  up  to  3  inches  long. 
Upper  surfaces  of  leaflets  are  reticulately  divided  by 
veins  paler  in  color  than  areas  between  the  veins. 

Butterflypea  is  closely  related  to  Atlantic  pigeon- 
wings,  which  is  also  called  butterflypea  in  some  plant 
books.  Flowers  of  both  differ  from  the  typical  legume 
flower  by  having  the  larger  petal  (standard)  beneath 
the  other  flower  parts.  The  two  cam  be  separated  by 
calyx  (sepal)  characteristics;  the  calyx  tube  of  Centro- 
sema virginianum  is  shorter  than  the  lobes,  while 
that  of  Clitoria  mariana  is  longer  than  the  lobes.  The 
twining  habit  of  butterflypea  can  also  be  used  to  dis- 
tinguish the  two.  While  foliage  of  both  may  appear 
hziirless,  butterflypea  usually  has  fine  short  white 
hairs  on  stems,  petioles,  and  upper  leaf  surfaces. 

Because  of  its  limited  abundemce,  butterflypea  has 
essentially  no  value  as  forage  for  livestock  £ind  deer. 
The  seeds  are  eaten  readily  by  bobwhite  quail  and 
other  birds  euid  smedl  mammeds. 

Range:  Texas  £md  Arkansas,  extending  east  to 
Florida,  then  north  to  Tennessee  and  New  Jersey. 


Perennial.  Stems  herbaceous,  trailing  or  twining,  to 
1.5  m  long,  minutely  pubescent  throughout;  leaves 
trifoliolate,  leaflets  ovate  to  oblong  or  eUiptic,  reticu- 
late, 2-7  cm  long  and  0.5-3.0  cm  wide,  stipellate; 
stipules  ovate-lanceolate  to  lanceolate,  striate, 
1.5  -  4.0  mm  long,  persistent;  inflorescences  axiUieu-y; 
on  peduncles  2-4  cm  long,  flowers  one  to  three,  pedi- 
cellate, pedicels  and  flowers  subtended  by  stipule-Uke 
bracts;  calyx  tube  broadly  hemispheric,  4-5  mm 
long,  lobes  Unear-subulate,  0.6-1.4  cm  long;  corolla 
pale  blue  violet  to  lavender,  the  standard  2-4  cm 
long,  spurred  neeir  base;  legume  linear,  flattened, 
7-14  cm  long,  0.3  -  4.0  mm  broad,  10-  to  20-seeded, 
with  a  persistent,  beak-Uke  style;  seeds  black,  2-3 
mm  long. 
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Atlantic  Pigeonwings — Clitoria  mariana  L. 


Closely  related  and  similar  to  butterflypea,  Atlan- 
tic pigeonwings  occurs  on  dry  sites  throughout  the 
South,  often  in  association  with  butterflypea  and  var- 
ious tickclovers  (Desmodium  spp.).  Early  vegetative 
growth  of  Clitoria,  Centrosema,  and  several  of  the 
larger,  ovate-leaved  tickclovers  require  careful  scru- 
tiny. All  have  stipels;  Clitoria  and  Centrosema  also 
have  conspicuous  stipules.  Growth  form  as  expressed 
in  later  growth  is  useful  for  separation:  Clitoria  is 
erect  or  trailing,  Centrosema  is  twining,  and  Desmo- 
dium is  usuEilly  erect.  Both  Clitoria  and  Centrosema 
have  showy  flowers  ranging  from  blue  to  purplish  or 
sometimes  almost  white. 

Although  Atlantic  pigeonwings  is  not  generally 
abundant  enough  to  be  considered  a  valuable  forage 
or  wildlife  food  source,  quail,  turkeys,  doves,  and 
other  birds  use  the  seed  for  food. 

Range:  Arizona  to  Florida,  extending  north  to 
New  York,  West  Virginia,  Ohio,  Indiana,  Illinois,  and 
Iowa. 


Perennial.  Stems  erect  or  trailing,  glabrous  to  short- 
pubescent;  leaves  pinnately  3-foliolate;  leaflets  entire, 
ovate,  lanceolate,  ovate-oblong,  or  elliptic,  2-7  cm 
long,  glabrous  above  and  glabrous  or  occasionally 
short-pubescent  beneath,  stipellate;  stipules  ovate- 
lanceolate  to  lamceolate,  2-4  mm  long,  tardily  deci- 
duous, striate;  racemes  Etxillary,  peduncles  0.5  -  4.0 
cm  long,  1-  to  3-flowered;  pedicels  glabrous  or  rarely 
short-pubescent,  4-10  mm  long,  each  subtended  by  a 
triangular  to  lanceolate,  striate  bract  1-3  mm  long 
and  with  a  pair  of  linear  bractlets  3-6  mm  long  at  or 
near  the  summits;  calyx  usually  glabrous  or  reu-ely 
short-pubescent,  somewhat  bilabiate,  tube  cylindric, 
1-2  cm  long,  upper  lobes  widely  trianguleir,  acute, 
4-6  mm  long,  lateral  lobes  ovate-lanceolate,  acumi- 
nate, 5-7  mm  long,  lowermost  lobe  lanceolate,  acu- 
minate, 6-8  mm  long;  petals  pale  blue  or  lavender, 
the  standard  spurless,  4-6  cm  long,  3-4  cm  wide; 
stamens  monadelphous;  legume  flattened,  oblong-lin- 
ear, 3-6  cm  long;  stipe  elongate,  1-2  cm  long;  seeds 
sticky. 
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Arrow  Crotalaria — Crotalaria  sagittalis  L. 


Arrow  crotalaria  is  an  annual  or  a  short-lived  per- 
ennial seldom  more  than  15  inches  tall.  It  is  most 
common  on  dry  sandy  or  gravelly  soils,  especially  on 
disturbed  sites.  The  lower  leaves  Eire  elliptical  and 
about  1  inch  long,  whereas  upper  leaves  are  lanceolate 
and  up  to  3  inches  long.  Arrowhead-shaped  stipules 
give  stems  a  winged  appearance.  Flowers,  which 
usually  appear  from  June  through  September,  are 
small  and  yellow,  resembling  those  of  garden  peas. 
The  inflated  pods  Eire  about  1  inch  long  and  half  as 
broad. 

Several  other  crotalarias  resemble  arrow  crotalaria 
in  flower  and  pod  characteristics,  but  only  Crotalaria 
purshii  DC.  has  the  sEime  long  UEirrow  leaves.  The 
principal  difference  between  the  two  is  that  stems 
and  sepals  of  arrow  crotalaria  have  conspicuous 
spreading  hairs,  while  those  of  C.  purshii  have 
obscure  hEiirs  pressed  flat  against  the  stem  or  sepal. 
Some  taxonomists  consider  C.  purshii  a  regional  vari- 
ety of  arrow  crotalaria.  The  crotalarias  are  often 
called  rattleboxes,  since  the  loose  seeds  rattle  in  the 
mature  pod.  Showy  crotalaria,  C.  spectabilis  Roth, 
and  slenderleaf  crotalaria,  C  brevidens  Benth.  (for- 
merly C.  intermedia  Kotschy),  are  two  robust  annual 
weeds  on  agricultural  lands.  Showy  crotalaria  has 
wide  simple  leaves  Eind  slenderleaf  has  trifoUolate 
leaves  with  narrow  leaflets. 

Arrow  crotalaria  is  poisonous  to  hvestock.  Because 
plants  are  usually  scarce,  however,  they  rarely  consti- 
tute a  threat  to  cattle. 

Range:  Texas  to  Florida,  extending  north  to  South 
Dakota  and  Massachusetts. 


Annual  or  weak  perennial.  Stems  10-40  cm  tall, 
simple  to  bushy  branched,  loosely  villous  to  hirsute; 
basal  leaves  simple,  small,  oval;  upper  leaves  linear- 
oblong  to  lanceolate,  the  larger  3-7  cm  long,  8-15 
mm  wide;  stipules  inversely  sagittate,  decurrent; 
flowers  papHionaceous,  two  to  four  on  terminEil  or 
axillEiry  peduncles  1-4  cm  long;  calyx  10-12  mm 
long,  5-cleft,  loosely  villous  or  hirsute;  corolla  8-10 
mm  long,  yellow;  legume  1.5-3.0  cm  long,  about  1 
cm  thick,  strongly  inflated,  dull  brown;  seeds  2.3  -  3.0 
mm  broad,  obliquely  reniform. 
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Tickclovers — Desmodium  spp. 


The  tickclovers,  also  called  beggarlice,  sticktights, 
or  ticktrefoils,  are  so  named  because  the  flat,  min- 
utely bristled  fruits  stick  to  clothing  and  animal  hair. 
About  1 5  species,  all  perennials,  occur  throughout  the 
South.  Leaflet  length  of  southern  tickclovers  varies 
from  less  than  Vi  inch  to  6  inches,  and  leaflet  shape 
v£iries  from  narrowly  linear  to  ovate  or  round.  Flow- 
ers are  similar  among  most  species  and  fruits  are  nec- 
essary for  identification.  Flowers  are  pealike,  less 
than  Vi  inch  long,  and  pink  to  purple  (some  white). 
The  fruit  is  a  flat  jointed  pod  that  may  remain  intact 
at  maturity  or  break  apart  to  become  the  familiar 
"ticks"  or  "beggarhce." 

Desmodium  may  be  confused  with  Lespedeza  in 
the  vegetative  state,  but  the  two  are  readily  distin- 
guishable when  in  the  flower  or  fruit  stages.  Tickclov- 
ers have  a  pair  of  stipels  at  the  base  of  the  terminal 
leaflet  and  a  single  stipel  at  the  base  of  each  lateral 
leaflet.  Stipels  are  lacking  in  lespedezas. 

Although  tickclovers  are  nutritious  and  palatable, 
the  plants  are  seldom  abundant  enough  to  yield  much 
livestock  forage,  although  most  Eire  high-use  deer 
food  plEints.  Seeds  are  valuable  quail  food. 

Littleleaf  tickclover,  Desmodium  ciliare  (Muhl.  ex 
Willd.)  DC,  probably  the  most  common  and  thus 
most  important  tickclover  in  the  South,  is  illustrated 
as  an  example  and  described  below. 
The  similar  rigid   tickclover,   D.    rigidum   (Ell.) 
DC,    also   grows   southwide.    It   can    be   distin- 
guished   by    its    leaflets,    which    are    long-ovate 
instead  of  blunt-tipped,  and  unequal  in  size,  the 
terminal  longer  than  the  laterals.      Roundleaf  tick- 
clover, D.  rotundifolium  DC,  and  sand  tickclover,  D. 
lineatum  DC,  are  prostrate,  trailing  species  common 
on  dry  pinelands  throughout  the  South.  Other  species 
common  southwide  are  smooth  tickclover,  D.  laeviga- 
tum  (Nutt.)  DC,  Maryland  tickclover,  D.  marilandi- 
cum  (L.)  DC,  panicled  tickclover,  D.  paniculatum  (L.) 
DC,  and  velvetleaf  tickclover,  D.   viridifolium  (L.) 
DC 

Range  (Littleleaf  tickclover):  Texas  and  Nebraska 
to  Florida  £ind  MichigEin. 


Perennial.  Stems  40  - 100  cm  tall,  slender,  usually 
spreading-pilose;  leaves  trifoliolate;  stipules  Unear- 
subulate,  2-4  mm  long,  quickly  deciduous;  leaflets 
ovate  to  orbicular,  pilose,  terminal  leaflet  1-3  cm 
long;  stipels  apiculate;  flowers  papilionaceous,  small, 
rose  purple,  in  large  termineil  racemes;  fruit  a  loment 
with  one  to  three  articles,  4.0  -  5.5  mm  long,  2.7  -  4.0 
mm  wide,  covered  with  short,  stout  hooks. 
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Downy  Milkpea — Galactia  volubilis  (L.)  Britt. 


The  milkpeas,  like  the  tickclovers,  are  a  group  of 
legumes  whose  seeds  are  recognized  as  choice  food  for 
the  bobwhite  queiil.  Downy  milkpea  is  fairly  common 
southwide.  Shapely  milkpea,  Galactia  regularis  (L.) 
BSP.,  a  trailing  plant,  and  erect  milkpea,  G.  erecta 
(Walt.)  Vail,  the  only  species  that  is  not  trailing  or 
twining,  are  also  found  on  sandy  sites  throughout  the 
South.  Leaves  of  most  species  are  pinnately  com- 
pound with  three  leaflets,  although  G.  elliottii  Nutt., 
a  species  of  the  Atlantic  Coastal  Plain,  has  five  to 
nine  leaflets. 

Downy  milkpea  is  a  twining  or  climbing  herba- 
ceous vine  with  sparsely  to  densely  pubescent  stems. 
Leaflets  are  ovate,  Vi  inch  to  1  Vi  inches  long.  Flowers 
are  peahke,  pink  to  rose,  less  than  '/:  inch  long.  The 
fruit  is  a  flattened  seed  pod,  up  to  2  inches  long  and  '/4 
inch  wide,  covered  with  short  white  hairs. 

The  species  is  V8u-iable  throughout  its  range,  and 
the  separation  of  G.  volubilis  and  G.  regularis  is  diffi- 
cult in  some  areas,  leading  some  botanists  to  suspect 
that  the  two  belong  together  in  one  widespread,  vari- 
able species.  Galactia  macreei  M.  A.  Curtis,  a  south- 
wide  milkpea,  is  similar  and  possibly  not  distinct 
from  downy  milkpea.  While  the  latter  usually  has 
spreading  hairs  on  the  stems  and  fruit,  G.  macreei  has 
appressed,  short  pubescence. 

Range:  Eastern  Texas  and  southern  Ksmsas  to 
Florida  and  Long  Island. 


Perennial.  Stems  twining  or  chmbing,  sparsely  to 
densely  spreading-pubescent;  leaves  pinnately  trifo- 
holate  rachis  2-18  mm  long;  leaflets  oblong,  oblong- 
ovate  or  elliptic,  2-4  cm  long,  glabrous  or  nearly  so 
above,  and  glabrate  to  spreading  pilose  beneath; 
racemes  with  peduncles  and  rachises  sparsely  to 
densely  spreading  short-pubescent,  3-15  cm  long; 
calyx  tube  2.0  -  2.5  mm  long,  lobes  2.0  -  3.5  mm  long; 
petals  pink  to  roseate,  the  standard  7-10  mm  long; 
legume  2.0  -  5.5  cm  long,  4-5  mm  broad,  spreading 
short-pubescent;  seed  mottled,  2-3  mm  long. 
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Common  Lespedeza — Lespedeza  striata  (Thunb.)  H.  «&  A. 


Common  lespedeza,  or  Japanese  clover,  is  an 
annual  forage  legume  native  to  Asia.  Following  its 
introduction  into  Georgia  more  than  100  years  ago,  it 
escaped  cultivation  and  spread  rapidly  across  the 
South.  Now  it  is  common  on  dry,  open,  closely  grazed 
range  and  rarely  found  under  timber  stands.  Several 
other  Asian  lespedezas  have  been  introduced  into  the 
United  States,  particularly  in  the  South,  for  forage, 
erosion  control,  and  wildhfe  food  plantings.  Shrubby 
species  like  bicolor  lespedeza,  Lespedeza  bicolor 
Turcz.,  are  widely  planted  for  bobwhite  qu£iil  food. 

Plants  of  common  lespedeza  are  usually  less  thein  1 
foot  tall.  Stems  are  many-br£inched  £ind  decumbent, 
or  they  may  be  prostrate  if  grazed  closely.  Leaves  are 
trifoholate,  the  obovate  to  nearly  elliptical  leaflets  '/s 
to  1  inch  long.  Leaflet  veins  are  conspicuous,  with 
straight,  peirallel  laterals  extending  outward  at  about 
45°  from  the  midrib.  Flowers  are  of  two  kinds,  with 
and  without  corolla,  and  are  borne  singly  or  in  clus- 
ters of  two  to  four  in  upper  leaf  axils.  Corollas  of 
complete  flowers  are  pinkish  and  about  '/4  inch  long. 

Several  native  lespedezas  also  grow  on  sandy  pine 
sites.  Among  the  most  common  are  hairy  lespedeza, 
L.  hirta  (L.)  Hornem.,  and  slender  lespedeza,  L.  virgin- 
'ca  (L.)  Britt.  Hairy  lespedeza  is  distinguishable  by 
ts  height,  which  reaches  4  feet,  and  its  large  leaflets 
—up  to  2  inches  long  and  an  inch  wide.  Slender  lespe- 
deza is  a  slender,  usually  unbr£inched  plant  with 
small,  narrow,  crowded  leaves.  A  prostrate  species, 
creeping  lespedeza,  L.  repens  (L.)  Bart.,  is  common  on 
jandy  sites  throughout  the  South.  All  native  species 
ire  perennial  but  collectively  make  up  only  a  small 
jercentage  of  the  forage  available. 

Lespedezas   may   be   confused   with   tickclovers. 
Joth  have  trifoholate  leaves  subtended  by  stipules 
nd  their  flowers  are  similar.  They  can  be  distin- 
guished readily  by  their  seed  pods.  Lespedeza  pods 
re  short,  oveJ,  usuedly  one-seeded,   and  intact  at 
laturity,  while  those  of  tickclover  are  elongate  and 
reak  into  two  or  more  one-seeded  segments  at  matu- 
ty.  Lespedezas  also  lack  the  stipels  that  subtend 
ckclover  leaflets.  Separation  by  vegetative  charac- 
jristics  is  described  under  the  discussion  of  Desmo- 
ium. 
Like  most  pasture  legumes,  common  lespedeza  is 
atritious  and  palatable  but  seldom   abundsint  in 
inge  vegetation.  It  is  often  an  important  constituent 
■  seeded  firebreaks  on  forest  ranges.  The  ability  to 
■oduce  seeds  under  close  grazing  makes  common 
spedeza  a  reUable  source  of  food  for  quzdl,  which  eat 
)th  seeds  and  spring  leaves. 

Range:  Texas   zind    Florida,    extending   north   to 
ansas  and  Pennsylvania. 


:  J 


Pealc/ce  r^loivey- 


5  mm 


De6sLcl  of  le^f, 
pod  and  56ipu/e 


/nde/}c  s  cen6 
pod 


6(n 


2  cm 

Flowering  branch 


10  cm 


H<^bci 


Annual.  Stems  decumbent,  10-40  cm  tall,  diffusely 
branched,  retrorsely  pubescent;  leaves  pinnately  tri- 
foholate; stipules  4-6  mm  long;  leaflets  short- 
petioled,  oblong-obovate,  1-2  cm  long,  striate;  flow- 
ers of  two  kinds,  apet£ilous  ones  mixed  with  complete 
pinkish  ones  in  axils,  one  to  four  on  short  peduncles; 
legume  a  flat,  1 -seeded  pod  beirely  exceeding  the  per- 
sistent cedyx. 
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Hairy  Rhynchosia — Rhynchosia  difformis  (Ell.)  DC, 


Hairy  rhynchosia,  or  hairy  snoutbean,  is  a  trailing 
or  twining  perennied  herbaceous  vine  with  ovate  leaf- 
lets. Most  leaves  Eire  trifoliolate  with  terminal  leaflets 
about  1  Vi  inches  long  and  almost  round.  Lateral  leaf- 
lets are  smaller,  and  length  exceeds  width.  Basal 
leaves  often  develop  only  a  single  leaflet.  Although 
differences  emiong  leaves  are  eJluded  to  in  its  specific 
name  difformis,  meaning  "two  forms,"  several  rhyn- 
chosias  have  this  character. 

Stems  arise  from  tuberous  rootstocks  and  may 
reach  3  feet.  They  are  erect  when  young  but  become 
treuling  or  twining  as  they  elongate.  Inconspicuous 
yellow  flowers  about  Vi  inch  long  are  in  short- 
stemmed  axillEiry  clusters. 

Species  that  may  associate  and  intergrade  with 
hairy  rhynchosia  include  broadleaf  rhynchosia,  Rhyn- 
chosia latifolia  Nutt.  ex  Torr.  &  Gray— found  only 
west  of  the  Mississippi  River— and  erect  rhynchosia, 
R.  tomentosa  (L.)  H.  &  A.  Whereas  the  axUlary 
racemes  of  hairy  rhynchosia  are  about  2  inches  long, 
those  of  broadleaf  rhynchosia  may  be  up  to  1 2  inches. 
Erect  rhynchosia,  which  grows  southwide,  is  upright 
and  has  only  trifoUolate  leaves,  with  softly  pubes- 
cent, ovate  to  elliptic  leaflets.  Least  rhynchosia,  R. 
minima  (L.)  DC,  a  tredling,  twining  plant  with  small 
flowers  and  usually  smeill  leaflets,  is  common  on  sUty- 
clay  alluvial  soUs  of  the  lower  Coastal  Plain  from 
Texas  to  Georgia. 

Although  hairy  rhynchosia  is  abundant,  the  plants 
are  too  scattered  to  produce  much  forage.  Quail, 
doves,  and  other  birds  eat  the  seeds. 

Range:  Texas  to  Florida,  extending  north  to  Mis- 
souri and  Virginia. 


Perennial.  Stems  from  long  tuberous  roots,  erect  at 
first,  then  trailing  and  twining,  to  1  m  long,  densely 
retrorse-hirsute  on  the  angles,  lightly  pubescent 
between;  leaves  of  two  kinds,  the  baszil  ones  simple, 
reniform,  those  above  trifoliolate;  leaflets  elliptic  to 
broadly  ovate,  2-5  cm  long,  the  terminal  larger, 
sparingly  pubescent  on  both  sides;  flowers  in  short, 
dense,  Eixillary  racemes,  2-4  cm  long;  corollas  yel- 
low, 5-11  mm  long;  legume  1.5  -  2.0  cm  long,  8  mm 
wide;  seeds  lenticular,  2.5  -  3.0  mm  in  diameter,  dark 
brown. 
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Dollarleaf  Rhynchosia — Rhynchosia  reniformis  DC. 


Dollarleaf  rhynchosia  is  a  small,  erect  perennial 
found  throughout  the  Gulf  Coastal  Plain.  It  is  most 
abundant  on  s£mdy  sites.  Stems  are  3  to  9  inches  tall, 
growing  from  slender,  woody  rhizomes.  Leaves  are 
simple  or  rarely  trifoliolate,  round  to  kidney  shaped, 
and  average  2  inches  in  diameter.  Both  surfaces  are 
sparsely  to  densely  pubescent.  Small,  yellow,  pealike 
flowers  are  borne  in  both  terminal  and  axiUary  clus- 
ters. Pods  are  about  Vi  inch  long  and  densely  hairy. 

Dollarleaf  rhynchosia  is  readily  distinguishable 
from  related  species  and  most  other  plants  by  its 
large,  round,  simple  leaves.  Young  plemts  are  grazed 
by  cattle,  and  seeds  are  eaten  by  quail  and  other 
birds. 

Range:  Texas  to  Florida,  extending  north  to 
North  Carolina. 


Perennial.  Steins  erect,  densely  pubescent,  from  long 
slender  rhizomes,  5-25  cm  tall,  hirsute  on  the  angles 
with  spreading  or  reflexed  hairs;  leaves  simple,  the 
blades  2-5  cm  long,  2-8  cm  broad,  orbicular  to  reni- 
form,  strongly  reticulate,  resin-dotted  with  appressed 
pubescence  on  veins;  flowers  in  short,  dense  axilleiry 
or  terminal  racemes  2  -  3  cm  long;  calyx  8-10  cm 
long;  corolla  yellow,  about  7  mm  long;  legume  flat, 
oblong,  about  1.5  cm  long,  and  6  mm  wide,  obscurely 
falcate,  pubescent,  resin-dotted;  seeds  lenticular, 
about  3  mm  broad,  brownish,  mottled  with  black. 
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Catclaw  Sensitivebrier — Schrankia  uncinata  Willd.— ^S.  nuttallii  (DC.)  Standi.) 


Catclaw  sensitivebrier  is  a  close  relative  of  the  silk- 
tree,  Albizia  julibrissin  Duraz.,  commonly  called  "mi- 
mosa," £ind  the  acacias.  Its  sphericad  rose  pink  flower 
heads  resemble  miniature  silktree  heads. 

Catclaw  sensitivebrier  is  a  spiny,  sprawling,  per- 
ennial herb  usueJly  found  on  dry  sandy  soils  west  of 
the  Mississippi  River.  Many  prostrate  stems  3  to  4 
feet  long  Eirise  from  a  large  woody  rootstock.  Flower- 
ing begins  in  late  spring  and  continues  through  the 
summer,  or  as  long  as  stem  growth  continues.  Leaves 
are  bipinnately  compound,  with  four  to  eight  pairs  of 
first-division  units,  called  pinnae.  Each  pinna  has  8  to 
15  pairs  of  oblong  to  eUiptical  leaflets  '/s  inch  to  over 
Va  inch  long  which  fold  when  touched. 

A  simileir  species,  Schrankia  hystricina  (Britt.  & 
Rose)  Standi.,  with  a  stout,  bristly  pod  no  longer  than 
1  Vi  inches,  apparently  replaces  catclaw  sensitivebrier 
in  east  Texas  and  southwest  Louisiana.  Another  sen- 
sitivebrier likely  to  be  encountered  southwide  is  Uttle- 
leaf  sensitivebrier,  S.  microphvlla  (Dry and.)  Macbr. 
These  species  differ  primarily  in  leaflet  venation : 
both'S.  uncinata  and  S.  hystricina  have  conspicuous 
lateral  veins,  but  littieieaf  appears  to  have  only  a 
midrib. 

Cattle  graze  the  tender  twigs  in  early  spring  before 
the  spines  harden.  Nutritive  value  is  high;  protein 
content  of  new  growth  reportedly  reaches  45  percent. 
PlEints  are  seldom  abundant  enough  to  contribute 
greatly  to  the  cattle  diet.  This  species  is  generally 
considered  more  important  as  an  indicator  of  good  or 
improving  range  condition  than  as  a  forage  producer. 
Deer  browse  the  stems  and  leaves,  and  quail  eat  the 
seeds. 

Range:  Texas  to  Alabama,  extending  north  to 
Nebraska,  Illinois,  and  North  Carolina. 
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Perennial.  Stems  elongate,  decumbent,  angled, 
prickly,  to  1  m  long;  leaves  bipinnate,  6-15  cm  long, 
sensitive;  pinnae  4  to  8  pairs,  2-5  cm  long;  leaflets  8 
to  15  pairs,  oblong-elhptic,  3.5-9.0  mm  long,  veins 
prominent;  flowers  in  spherical,  long-peduncled,  axil- 
lary heads  2.0-2.5  cm  in  diameter;  pods  linear, 
strongly  thorny-ribbed,  4-12  cm  long,  with  a  slender 
beak  at  the  apex. 
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Perennial  Wildbean — Strophostyles  umbellata  (Muhl.  ex  WiUd.)  Britt. 


The  wildbeans  are  tradling  herbaceous  vines  whose 
seeds  are  considered  desirable  wildlife  food,  especiEiUy 
for  bobwhite  quail  and  turkey.  Perennial  wildbean  is 
classified  as  a  choice  wildlife  food  plant.  Two  annueil 
species,  traiUng  wildbean,  or  amberique  bean,  Stro- 
phostyles helvola  (L.)  Ell.,  and  sUckseed  wildbean,  S. 
leiosperma  (T.  &  G.)  Piper,  are  not  as  highly  valued, 
perhaps  due  to  a  general  lack  of  abundance. 

Perennial  wildbean  grows  on  sandy  soils  of  the 
pineywoods,  usueilly  twining  among  the  grasses  and 
other  ground  vegetation.  It  is  conspicuous  by  its 
unlobed  trifoliolate  leaves  with  narrowly  ovate  to 
lanceolate  or  oblong  leaflets  and  elongate  infloresc- 
ence stalks,  which  exceed  the  leaves.  Flowers  have  a 
short  ribbed  bractlet  at  the  base  of  the  calyx. 

Trailing  wildbeam  has  broader  leaflets,  usually 
with  basal  lobes.  It  commonly  grows  on  open  sites 
edong  rivers  but  may  be  found  growing  with  perennial 
wildbeem.  The  inflorescence  stsilks,  similar  to  those  of 
perennial  wildbean,  are  usually  longer  than  6  inches. 
The  floral  bractlet  is  about  equal  in  length  to  the 
calyx. 

Shckseed  wildbean  is  a  smaller,  hairier  species 
found  from  Alabama  westward  to  the  plains  of  Texas 
£ind  northward  to  Colorado,  Minnesota,  and  Indiana. 
Inflorescence  stalks  are  less  than  4  inches  long. 

Range:  Texas  and  Oklahoma  to  Florida,  extending 
north  to  southern  New  York. 


Perennial.  Stems  trailing  or  twining,  to  2  m  long,  the 
younger  portion  densely  pubescent;  leaflets  ovate, 
lanceolate  to  elliptic  or  oblong,  unlobed,  2-5  cm  long, 
glabrous  or  nearly  so;  racemes  axillary,  peduncles 
10-25  cm  long  with  few  to  severed  capitately  clus- 
tered flowers;  calyx  tube  2.0  -  2.5  mm  long,  sub- 
tended by  obtuse,  striate  bracts  0.1  mm  long  or  less; 
corolla  pink  or  pale  purple,  often  fading  yellowish,  the 
standard  1.0-1.4  cm  long;  legume  sparsely 
appressed-pubescent,  3.0  -  6.5  cm  long,  about  4  mm 
broad;  seeds  3-6  mm  long. 
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Pencilflower — Stylosanthes  biflora  (L.)  BSP. 


Pencilflower  is  a  small  perennial,  common  on  well- 
drained  sites  throughout  the  South.  Plants  vary 
widely  in  height,  breinching  habit,  size  and  shape  of 
leaflets,  and  hairiness. 

Plants  seldom  exceed  12  inches  in  height,  emd  eire 
inconspicuous  except  for  the  pencil-yeUow  pealike 
flowers  that  appear  throughout  the  growing  season. 
Flowers,  Vi  to  Vz  inch  long,  are  in  short,  tight  spikes 
at  branch  tips.  Pods  are  small  gind  inflated,  with  a 
sterile,  stalklike  basal  article.  Leaves  eire  trifoholate 
with  eUiptical  leaflets  about  %  inch  long. 

Without  flowers,  pencilflower  resembles  other 
small-leaved  legumes,  especially  lespedezas  and  tick- 
clovers.  It  is  distinguishable,  however,  by  leaf  charac- 
ters, the  veins  on  the  underside  of  the  leaflets  being 
distinctly  Ughter  in  color  them  the  blade  and  conspicu- 
ously thickened.  Veins  of  lespedezas  emd  tickclovers 
are  relatively  slender,  and  their  color  resembles  that 
of  the  blade. 

The  seeds  are  eaten  by  quail  and  turkey.  The  leaves 
and  stems  are  nutritious  and  palatable  to  cattle,  but 
plants  are  small  and  usually  widely  scattered,  and 
forage  yield  thus  is  negligible. 

Range:  Texas  to  Florida,  extending  north  to  Kan- 
sas, lUinois,  Indiana,  and  New  York. 


Perennial.  Steins  10-40  cm  taU,  stiff,  erect,  branch- 
ing or  unbranched,  finely  pubescent  to  long-hirsute, 
often  bristly  at  the  summit;  leaves  trifoliolate;  sti- 
pules sparsely  to  densely  bristly,  neirrow,  united  with 
the  petiole  for  about  two-thirds  of  their  length;  leaf- 
lets narrowly  lanceolate  to  elliptic,  subulate-tipped, 
1.5-4.0  cm  long,  margins  entire  to  bristly  ciliate; 
flowers  papilionaceous,  on  a  stalklike  hypanthium; 
calyx  glabrous,  eeirly  failing;  corolla  yellow  with  pink 
veins  on  the  back;  fruit  a  loment,  4-5  mm  long  with 
one  to  two  articles,  the  terminal  one  turgid,  thinly 
hairy,  reticulate  with  an  incurved  beak  (style),  the 
basal  one  undeveloped,  stalklike. 
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Weak  Tephrosia — Tephrosia  onobrychoides  Nutt. 


Weak  tephrosia  is  a  reclining  perennial  that  grows 
from  a  woody  rootstock.  It  is  common  on  sandy  soils 
of  the  western  Gulf  Coastal  Plain.  Stems  may  branch 
several  times,  with  each  branch  terminated  by  an 
elongate  stalk  of  white  to  reddish-purple  flowers.  The 
upper  half  of  the  stalk  is  leafless.  Flowers  normally 
appear  in  May  or  June,  and  continue  flowering  into 
August  if  rainfall  is  adequate.  The  flat,  hairy  pods,  2 
inches  long  or  less,  have  up  to  10  small  black  seeds. 
Leaves  are  pinnately  compound  with  11  to  25  linear- 
oblanceolate  leaflets. 

Weak  tephrosia 's  range  overlaps  that  of  brownhair 
tephrosia  from  southeast  Louisiana  to  Alabama.  FoU- 
age  of  weak  tephrosia  is  grayish  green  in  color  and 
the  "weak"  flower  stalks  do  not  stand  stiffly  erect  as 
do  those  of  brownhair  tephrosia.  As  its  name  implies, 
the  pubescence  of  brownhedr  tephrosia  is  noticeably 
more  rust  colored,  and  the  leaves  average  fewer  (9  to 
17)  leaflets. 

Cattle  graze  young  growth  on  recently  burned  or 
heavily  used  range,  but  older  foliage  is  usually 
rejected.  Seeds  are  eaten  by  quail. 

Range:  Texas  to  Oklahoma  to  southern  Missouri 
and  AlabEima. 


Perennial.  Stems  pubescent  to  strigose  with  rusty 
hairs,  erect  to  decumbent  from  a  stout,  woody  crown 
and  woody  taproot;  leaves  odd-pinnate,  8-22  cm 
long,  on  a  petiole  7-35  mm  long;  leaflets  of  the  prin- 
cipal leaves  11  to  25,  linear-oblanceolate  and  slightly 
broadened  upward,  1.5  -  5.5  cm  long,  4-16  mm  wide, 
the  apex  obtuse,  rounded  or  truncate,  emarginate, 
glabrous  to  pubescent  above,  more  or  less  silky-pilose 
with  gray  to  rusty  hairs  beneath;  flowers  15-20  mm 
long  in  long  terminal  or  axillary  racemes  much 
exceeding  the  foliage;  corolla  white,  becoming  crim- 
son in  age,  pink  or  purple  upon  drying;  legumes 
straight  or  slightly  curved  downward,  3.5  -  5.0  cm 
long,  4-5  mm  wide,  pubescent;  seeds  3  to  10,  3-5 
mm  long,  smooth  and  mottled  with  black. 
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Brownhair  Tephrosia — Tephrosia  spicata  (Walt.)  T.  &  G. 


Stems  of  brownhair  tephrosia  arise  from  a  woody 
taproot  and  may  be  erect  to  2  feet  tall,  or  they  may  be 
sprawling.  Stems  and  leaflet  lower  surfaces  are  rust 
colored  and  covered  with  spreading  tawny  hairs.  Like 
other  tephrosias,  brownhair  is  not  classed  as  valuable 
forage  or  wildlife  food;  bobwhite  quail  and  other  birds 
eat  the  seeds,  but  its  general  lack  of  abundance  limits 
its  value. 

Brownhair  tephrosia  is  most  common  east  of  the 
Mississippi  River.  Although  its  geographic  range 
overlaps  that  of  weak  tephrosia,  the  two  species  are 
seldom  found  growing  together.  Leaflets  of  brown- 
hair are  generally  larger  and  fewer  in  number  than 
those  of  weak  tephrosia.  The  reddish-brown  color  of 
the  stem  and  lower  leaf  surface  is  more  pronounced  in 
•  brownhair  tephrosia. 

In  south  Florida,  brownhair  tephrosia  grows  in 
dwarf  clumps  about  1  foot  in  diameter.  Leaves  and 
leaflets  are  about  half  the  size  of  those  of  typical 
plants,  and  lower  leaf  surfaces  are  reddish  brown  in 
color,  although  plants  of  the  south  Florida  form  are 
generally  less  hairy.  This  form  was  formerly  sepa- 
rated as  var.  semitonsa  Fern,  by  some  authors. 

Range:  Louisiana,  eastern  Tennessee,  and  Ken- 
tucky to  southern  Delaware,  southeastern  Virginia, 
and  Florida. 


Perennizd.  Stems  30  -  60  cm  long,  decumbent  to  erect 
from  a  cyhndric  taproot,  densely  pilose  or  occasion- 
ally sparsely  appressed-pubescent;  leaves  4-12  cm 
long;  leaflets  9  to  17,  oblong-obovate  to  obovate  or 
elliptic,  1-3  cm  long,  6-14  mm  wide,  glabrous  to 
finely  pilose  above,  somewhat  appressed  pubescent  to 
pilose  below;  inflorescences  appearing  opposite  the 
leaf  or  terminal,  4-60  cm  long,  usually  longer  than 
the  nearest  leaf,  erect  or  upwardly  curving,  pedicels 
1-8  mm  long;  calyx  6-7  mm  long,  sparsely  pilose  to 
villous;  petals  at  first  white,  turning  pink  and  then 
carmine,  1.2-1.7  cm  long;  stamens  diadelphous;  leg- 
umes 3-5  cm  long,  4-6  mm  broad,  sparsely  to  mod- 
erately pubescent. 
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Virginia  Tephrosia — Tephrosia  virginiana  (L.)  Pers. 

Virginia  tephrosia— also  called  catgut,  goatsrue,  or 
devils-shoestring— is  often  the  most  abundant  forb  on 
dry  sandy  sites  that  are  periodically  burned.  Follow- 
ing fire,  new  shoots  grow  rapidly  from  woody  root- 
stocks.  Although  leaves  are  similar  to  those  of  the 
partridgepeas,  pinnate  with  from  11  to  27  leaflets, 
they  end  in  a  single  leaflet  (odd-pinnate),  while  par- 
tridgepea  leaflets  are  evenly  paired  throughout  (even- 
pinnate).  Stems  and  the  undersides  of  leaflets,  espe- 
cially on  new  growth,  are  densely  coated  with  gray 
hairs.  Plants  may  reach  20  inches  in  height  and  often 
grow  in  clumps  up  to  30  inches  in  diameter.  Flowers 
are  produced  in  terminal  clusters  in  spring,  but 
spring  or  summer  burning  may  prolong  flowering. 
The  corolla  of  the  pealike  blossom  consists  of  one 
cream  to  yellow  petal  and  three  rose  petals.  Pods  are 
about  2  inches  long  and  covered  with  gray  hair. 

Virginia  tephrosia  often  grows  in  association  with 
weak  or  brownhair  tephrosia,  or  one  of  the  other  eight 
species  recognized  across  the  South.  It  is  the  only 
species,  however,  with  erect  simple  stems  and  ter- 
minal inflorescences,  and  is  usually  found  on  drier 
sites  than  most  other  tephrosias. 

Cattle  rarely  eat  Virginia  tephrosia,  even  on  heav- 
ily grazed  range.  The  seeds  rate  fair  as  quail  food, 
being  taken  mainly  when  other  food  is  scarce. 

Range:  Texas  to  Florida,  extending  north  to  Min- 
nesota and  Massachusetts. 


Perennial.  Stems  30  -  60  cm  tall,  pubescent  to  villous, 
erect  or  ascending  from  a  branched  woody  crown  and 
long  woody  roots;  leaves  odd-pinnate,  6-10  cm  long, 
nearly  sessile;  leaflets  11  to  27,  elliptic  to  linear- 
oblong,  1-3  cm  long,  4-8  mm  wide,  apex  mucron- 
ate;  flowers  papilionaceous,  bicolored;  racemes  com- 
pact, 4-8  cm  long,  leafy  in  the  lower  flowering  nodes; 
standard  14-21  mm  long,  lemon  yellow  to  cream, 
wings  and  keel  rose;  legumes  3-5  cm  long,  straight 
to  slightly  curved,  spEirsely  to  densely  strigose;  seeds 
6  to  11,  bean  shaped,  3.2-4.2  mm  long,  brown  varie- 
gated with  black. 
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Composites 


The  composites— plants  of  the  family  Compositae 
(or  Asteraceae)— are  well  known  for  their  showy  flow- 
ers. Chrysanthemums,  asters,  daisies,  and  zinnias  are 
among  the  popular  ornamenteds.  M£my  native  com- 
posites—sunflowers, goldenrods,  and  coneflowers,  for 
exzmiple— Eire  also  colorful.  Although  composites  are 
mainly  herbaceous,  the  family  includes  several  woody 
species.  These  are  represented  in  the  South  by  the 
shrubby  genus  Baccharis. 

The  cheiracteristic  composite  "flower"  is  actually  a 
compact  head  of  small,  sessile  flowers  crowded  on  a 
common  receptacle  emd  surrounded  by  overlapping 
bracts.  The  corollas  are  of  two  general  types:  the  five- 
lobed  tubular  type,  or  disk  flower;  and  the  flat,  ligu- 
late  type,  or  ray  flower.  Singly,  or  in  combination, 
disk  and  ray  flowers  produce  three  types  of  heads:  the 


discoid,  with  only  tubular  or  disk  flowers,  represented 
by  the  gayfeathers;  the  ligulate,  with  only  ligulate  or 
ray  flowers  (usually  with  a  "milky"  sap),  such  as  the 
dandelions;  and  the  radiate,  with  a  central  disk  of 
tubular  flowers  surrounded  by  a  radiating  ring  of  ray 
flowers,  exemplified  by  the  sunflower  or  coneflower 
head. 

Composites  are  prolific  seeders,  and  the  seeds  or 
fruits  of  many  are  easily  transported  by  the  wind. 
Hence,  these  plants  are  generally  more  abundant 
than  other  forbs,  especially  on  denuded  sites  where 
seeds  easily  reach  mineral  soil. 

On  open  pine-bluestem  range,  composites  contrib- 
ute up  to  3  percent  of  the  yearlong  diet  of  cattle. 
While  severed  species  are  valuable  as  forage,  many 
are  worthless.  A  few  species,  such  as  bitter  sneeze- 
weed,  are  poisonous. 
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Ragweeds — Ambrosia  spp. 


On  moist  sites  throughout  the  South,  especially 
road  ditches,  annual  plants  of  common  ragweed, 
Ambrosia  artemisiifolia  L.,  may  form  dense  stands 
with  stems  up  to  8  feet  tall.  Foliage,  especially  when 
crushed,  is  very  pungent.  Lower  leaves  are  opposite, 
becoming  alternate  above;  blades  are  ovate  in  general 
outline  but  deeply  twice-  or  thrice-divided.  Flowers 
£ind  seeds  are  produced  on  stalks  arising  from  upper 
leaf  axils  from  late  summer  until  frost.  Staminate 
flowers  in  numerous  saucer-shaped  heads  about  '/s 
inch  wide  terminate  the  flower  stalks.  Pistillate 
heads,  fewer  in  number  and  below  the  staminate 
heads,  are  enclosed  in  foliaceous  bracts.  Fruits  are 
about  '/s  inch  long. 

Western  ragweed,  A.  psilostachya  DC,  a  smaller 
perennial  of  drier  sites  in  the  western  gulf  coast  and 
prairies,  is  similar,  but  the  leaves  are  thicker  and  only 
once-divided.  Giant  ragweed,  or  richweed,  A.  trifida 
L.,  similar  to  and  as  widespread  as  common  ragweed, 
is  also  an  annual,  usually  on  wetter  sites  than  other 
ragweeds,  and  may  grow  20  feet  tall.  Its  opposite, 
palmately  three-  to  five-lobed  leaves  distinguish  it 
from  all  other  ragweeds.  Lanceleaf  ragweed,  A.  biden- 
tata  Michx.,  another  annual  found  on  pinelands,  has 
narrow  leaves  with  a  broad  base  £ind  two  lateral  lobes, 
each  terminated  by  a  tooth. 

Ragweed  foliage  is  normally  unpalatable  to  cattle, 
but  when  forage  is  scarce,  it  is  sometimes  eaten,  pro- 
ducing a  bitter  taste  in  the  milk.  Plaints  sprayed  with 
2,4-D  become  palatable  and  accumulate  nitrates  in 
toxic  Eunounts  (Kingsbury  1964).  Common  ragweed  is 
a  high-use  forage  plant  for  white-tailed  deer  in  spring 
and  summer.  Deer  also  eat  the  leaves  of  giant  rag- 
weed, and  seeds  of  all  three  species  discussed  above 
are  eaten  by  wild  turkey  and  other  birds.  Ragweed 
seeds  are  one  of  the  most  importetnt  quail  foods  in 
volume  consumed. 

All  ragweeds  aire  considered  principal  contributors 
to  hay  fever  suffering  throughout  the  South. 
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Plantainleaf  Pussytoes — Antennaria plantaginifolia  (L.)  Richardson 


Other  names  for  this  small  attractive  composite 
are  ladies-tobacco  and  indian-tobacco.  It  is  similar 
and  closely  related  to  the  cudweeds  (Gnaphalium 
spp.).  Plants  are  most  common  on  dry  sandy  or  rocky 
soils  in  open  woods  or  thickets.  Runners  just  below 
the  soil  surface  produce  a  loose  clump  of  stems  4  to  15 
inches  tall.  Male  and  female  flowers  are  borne  on  sep- 
arate plants;  female  plants  are  taUer  than  mede 
plants.  When  all  stems  in  a  clump  arise  from  runners 
of  a  single  plant,  all  flowers  are  of  the  same  sex. 

Except  for  a  basal  whorl  of  paddle-shaped  leaves 
about  2  inches  long  and  1  inch  wide,  foUage  is  scant. 
Leaves  on  the  stalk  eire  about  1  Vi  inches  long  and  Va 
inch  wide  near  the  base,  becoming  gradually  smziller 
up  the  stalk.  Stem  and  leaves  are  coated  with  short 
gray  hair. 

Stfdks  are  unbranched  and  terminated  by  a  cluster 
of  many-flowered  heads,  each  about  V*  inch  in  diame- 
ter. White-tipped  bracts,  resembling  petals,  surround 
each  head.  Pappus  bristles  surrounding  each  flower 
are  also  white-fringed.  Floral  parts  and  involucral 
bracts  often  add  a  reddish  or  purplish  tinge  to  the 
otherwise  white  flower  head. 

Seeds  of  plantaiinleaf  pussytoes  are  small  and  of 
little  value  to  wildhfe.  The  rosette  leaves,  which  form 
in  the  f£ill  and  remain  green  through  the  winter,  are 
eaten  by  deer.  Of  several  species  occuring  in  the 
South,  plantainleaf  is  the  most  common  and  the  only 
one  recognized  valuable  to  wildlife. 

Range:  Texas  to  Minnesota  and  eastward. 


Hob/t 


Perennial.  Stems  from  stolons;  pistillate  stems 
10-40  cm  teill,  staminate  stems  about  15  cm  tall; 
basal  leaves  5-9  cm  long,  obovate,  mucronate,  min- 
utely CEinescent  above,  densely  so  below,  3-  to  7- 
nerved;  cauline  leaves  alternate,  spatulate  below,  lein- 
ceolate  or  Unear  above,  crowded  below  and  about  4 
cm  long,  becoming  remote  above  and  less  than  2  cm 
long;  flower  heads  3  to  30,  corymbose  to  glomerulate, 
10  mm  or  less  in  diameter;  pistillate  flowers  about  7 
mm  high  with  glands  on  coroUa  tube;  staminate  flow- 
ers less  than  5  mm,  staminate  pappus  with  white, 
thickened  tips;  mature  achenes  4.0  -  5.5  mm  long. 
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Asters — Aster  spp. 


With  approximately  100  species,  the  asters  com- 
prise the  largest  southern  genera  of  composites.  Most 
£ire  perennials,  blooming  in  late  summer  £ind  fall; 
some  produce  flowers  until  the  first  frost.  Though 
seldom  found  growing  in  profusion,  the  asters  pro- 
vide rich  fall  color  to  the  southern  woodlands. 

Characteristic  flower  heads  consist  of  a  central 
disk  of  tubular  yellow  flowers  surrounded  by  a  whorl 
of  white,  blue,  or  pink  to  purple  ray  flowers.  The  base 
of  the  flower  head  is  enclosed  by  severed  overlapping 
whorls  of  bracts.  Severed  of  the  most  common  south- 
ern asters  are  described  below. 

Skydrop  aster,  Aster  patens  Dryand.  in  Ait.,  is 
common  in  dry  open  woodlands  and  clearings  from 
Texas  and  Florida  to  Minnesota  and  Maine.  Height  is 
3  feet  or  less.  The  main  stalk  of  the  plant  has  ovate- 
elUptical  leaves  1  to  2  inches  long,  with  bases  clasping 
the  stem.  Lateral  branches,  eirising  from  upper  leaf 
axils,  have  leaves  much  smaller  them  those  of  the 
main  stalk.  Flower  heads  are  about  1  inch  wide,  with 
purphsh  rays. 

Silver  aster,  A.  concolor  L.,  inhabits  sandy  pine- 
lands  east  of  the  Mississippi  River  and  inland  to  Ken- 
tucky. Its  flowers  are  similar  to  those  of  skydrop 
aster  but  are  arranged  in  racemes  terminating  ends  of 
unbranched  stems.  Plants  are  seldom  more  than  2 
feet  tall.  Leaves  are  elliptic-oblong  to  lanceolate,  up  to 
1 V2  inches  long.  Stems  emd  leaves  are  somewhat  silky 
pubescent. 

Bushy  aster,  A.  dumosus  L.,  grows  to  a  height  of 
about  3  feet  on  a  wide  range  of  soils  from  Louisiema 
north  to  Missouri  and  Maine.  Flower  heads  are  V2  to 
%  inch  wide,  white  to  pale  purple,  scattered  on  the 
profuse  branches  of  the  upper  stem. 

Because  they  are  not  generally  abundant,  asters 
are  practically  worthless  as  cattle  forage.  As  a  group, 
however,  they  are  preferred  food  for  deer,  which  eat 
the  basal  rosettes  from  autumn  into  spring  and  the 
stems  and  flowerheads  in  summer  and  early  autumn. 
Although  most  abundant  and  robust  on  disturbed 
sites,  asters  are  not  uncommon  in  stable  plant  com- 
munities on  both  timbered  and  cutover  range. 
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Yellowhead — Bigelowia  nudata  (Michx.)  DC— (Chondrophora  nudata  (Michx.)  Britt.) 


Also  called  rayless  goldenrod  and  naked  chondro- 
phora, this  plant  occurs  on  a  wide  range  of  soils  and 
sites,  from  deep  acid  sands  to  shallow  calcareous 
soils.  It  is  most  abundant  on  wet  prairies  of  the  pine- 
wiregrass  flatwoods.  On  sandy  pine  uplands,  it  occurs 
infrequently,  but  is  found  in  colonies,  spreading  by 
rhizomes.  Yellowhead  is  a  slender  perennial  1  to  2  feet 
tall  with  alternate,  spatulate  leaves  2  to  3  inches  long 
and  Vi6  inch  or  less  wide.  Basad  leaves  may  form  an 
early  rosette  or  whorl,  and  may  be  slightly  longer  and 
wider  than  stem  leaves,  which  decrease  in  size  going 
up  the  stem.  By  flowering  time,  however,  the  outer 
portions  of  leaves  usueilly  break  off,  leaving  only  nar- 
row petiolar  stubs.  Stems  are  unbranched  below  the 
flat-topped  inflorescence.  The  narrow,  essentially 
bare  stems,  topped  by  greenish-yellow  heads  of  flow- 
ers, give  this  plant  a  conspicuous  and  unique  appear- 
ance. 

A  closely  related  species,  Bigelowia  nuttallii  L.  C. 
Anderson  (B.  virgata  (Nutt.)  DC),  is  similar  but  has 
much  finer,  almost  hairlike,  leaves.  Neither  plant  is 
valuable  as  livestock  forage  or  wildlife  food. 

Range:  Coasted  Plain,  Texas  to  Florida  and  Vir- 
ginia. 


Perennial.  Stems  from  woody  caudex  or  rhizome,  gla- 
brous, 20  -  80  cm  tall;  basal  leaves  spatulate  to  linear- 
spatulate,  3-12  cm  long,  2-6  mm  wide  at  widest 
point;  stem  leaves  few,  alternate,  smaller  than  basal 
leaves,  reduced  upward,  blades  early-deciduous;  inflo- 
rescence a  flat-topped  corymb  of  numerous  flower 
heads  (involucres);  heads  cylindrical,  3-  to  5-flowered, 
5-6  mm  long,  1-2  mm  broad,  flowers  all  discoid, 
yellow;  achenes  turgid,  tapered  from  base  to  apex, 
1.2-1.5  mm  long,  pubescent. 
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Thickleaf  Coreopsis — Coreopsis  lanceolata  L. 

Thickleaf  coreopsis,  or  "tickseed"  as  all  species  of 
Coreopsis  are  also  called,  grows  on  a  wide  variety  of 
sites.  Though  rarely  abundant,  plants  are  conspicu- 
ous by  their  naked  flower  stalks  and  bright  yellow 
flowers. 

Mature  stems  are  usually  less  than  15  inches  tall. 
Stems  and  leaves  are  generally  covered  with  downy 
to  stiff  hairs.  Leaves  are  opposite,  narrow  to  broadly 
lance  shaped,  and  largely  confined  to  the  lower  half  of 
the  stalk.  Early  leaves  form  a  basal  rosette;  with  their 
long,  slender  petioles,  they  often  exceed  6  inches  in 
length.  Upper  leaves  are  without  petioles  and  are  dis- 
tinctly smaller  than  the  lower. 

Flowering  begins  in  April  and  continues  through 
the  growing  season.  Heads  have  yellow  disk  and  ray 
flowers  and  are  about  2  inches  in  diameter.  The 
toothed  ray  flowers  are  about  Va  inch  long. 

Immature  plants  of  lanceleaf  gaillardia,  Gaillardia 
aestivalis  (Walt.)  H.  Rock,  resemble  those  of  thickleaf 
coreopsis,  but  are  distinguishable  by  their  alternate 
leaves.  After  flowers  appear,  differentiation  is  easy, 
as  the  disks  of  lanceleaf  gaillardia  are  reddish  purple. 

Thickleaf  coreopsis  is  of  little  value  to  livestock  or 
game  animals.  Other  species  common  on  southern 
pine  range  include  C.  gladiata  Walt.,  with  narrow 
oblanceolate  leaves  associated  with  wet  sandy  sites; 
C.  major  Walt.,  with  opposite,  sessile,  ternately 
divided  leaves  appearing  as  whorls  of  leaves  at  the 
upper  nodes;  and  C.  tripteris  L.,  with  three  to  five 
palmately  divided  leaves  on  petioles  about  1  inch 
long. 

Range:  Texas  and  Louisiana  to  Florida,  extending 
north  to  Wisconsin,  Michigan,  and  Virginia. 


Perennial.  Stems  20  -  60  cm  tall,  from  a  woody  cau- 
dex,  branching  near  the  base,  glabrous,  pubescent,  or 
villous;  leaves  mostly  basal  and  petiolate,  5-20  cm 
long,  10-17  mm  wide,  lance-linear  to  spatulate, 
entire,  opposite,  glabrous  to  villous;  heads  4-6  cm 
broad,  radiate,  solitary,  on  elongate,  naked  pedun- 
cles; involucre  double,  the  outer  bracts  linear-lanceo- 
late, 6-8  mm  long,  the  inner  ovate,  0.8  -  1.3  cm  long; 
disk  1-2  cm  broad,  deep  yellow  orange,  sUghtly  con- 
vex; disk  flowers  on  a  flat,  chaffy  receptacle,  5-7  mm 
long,  fertile;  rays  eight,  15-30  mm  long,  5-10  mm 
wide,  cuneate  to  obovate,  deeply  4-toothed,  brilliant 
yellow,  sterile;  achenes  2.5  -  3.0  mm  long,  com- 
pressed, orbicular,  with  thin,  flat  wings;  pappus  of 
two  minute,  chaffy  teeth. 
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Hairy  Klephantfoot — Elephantopus  tomentosus  L. 


The  name  of  this  plant  was  inspired  by  a  fancied 
similarity  of  the  large,  prostrate  basal  leaves  to  an 
elephant  footprint.  Bas£il  leaves,  which  are  elliptic  to 
obovate  eind  up  to  12  inches  long  and  4  inches  wide, 
are  produced  in  early  spring  from  a  woody  root 
crown.  Essentially  leafless,  branched  flower  stalks  up 
to  2  feet  teill  are  produced  from  mid-summer  to  eeirly 
fall.  Not  more  than  one  node  emd  leaf  is  produced  on  a 
stalk  above  the  basal  leaves.  The  entire  plant  is 
densely  hairy.  The  steilk  is  terminated  by  a  branching 
inflorescence,  each  branch  with  a  terminal  cluster  of 
purphsh  tubular  flowers.  Flower  clusters  are  sub- 
tended by  three  ovate  leaf-like  bracts,  and  small 
bracts  subtend  each  brgmch  of  the  inflorescence. 

Hairy  elephantfoot  is  common  throughout  the 
Piedmont  and  Coastal  Plain  on  a  wide  range  of  sites, 
from  bottomlands  to  sandhills.  It  is  perhaps  most 
important  as  forage  in  open  pine  forests  on  flatwoods 
sites  of  the  longleaf-slash  pine  wiregrass  type,  but  is 
rated  only  fair  at  best.  Because  most  of  its  fohage  is 
at  ground  level,  it  can  tolerate  heavy  grazing. 

Leafy  elephemtfoot,  Elephantopus  carolinianus 
Raeusch.,  is  common  throughout  the  range  of  hairy 
elephantfoot  but  is  usually  on  wetter  sites.  Unlike 
hairy  elephantfoot,  it  has  stem  leaves  zmd  no  basal 
leaves.  Elephantopus  nudatus  Gray  and  E.  elatus 
Bertol,  are  also  common,  resembUng  hairy  elephant- 
foot but  with  somewhat  smaller  flowers  and  flower 
heads. 

Range:  Texas  to  Florida,  Tennessee,  and  Virginia. 


Perennied.  Stems  one  to  five,  from  a  woody  crown, 
20  -  90  cm  tall,  hirsute,  subscapose,  nodeless,  or  one 
node  below  the  first  inflorescence  branch;  leaves 
mostly  basal,  elliptic  to  obovate,  densely  pilose  to 
tomentose,  3.0  -  10.5  cm  wide,  8-22  cm  long,  inflo- 
rescence a  loosely  branched  corymb,  involucres  cylin- 
dric,  10-14  mm  long,  densely  pubescent,  subtended 
by  three  ovate  fohar  bracts;  flowers  all  discoid,  three 
to  four  per  head,  pinkish  to  purple. 


III 
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Daisy  Fleabane — Erigeron  strigosus  Muhl.  ex  Willd.  var.  beyrichii  (Fisch.  &  Mey.)  T.  &  G.  ex  Gray 


Like  most  einnueil  composites,  daisy  fleabane  is 
most  abundant  on  old  fields,  roadsides,  firelines,  and 
other  open,  disturbed  areas.  It  is  common  on  undis- 
turbed rginge,  however,  even  under  moderately  dense 
timber.  Sandy  soils  apparently  provide  the  best  habi- 
tat. 

Plants  may  reach  a  height  of  3  feet  or  more  where 
competition  is  light,  but  where  grass  is  dense,  height 
seldom  exceeds  2  feet.  Early  spring  leaves,  which 
form  a  basal  rosette,  are  coarsely  toothed.  They  are  6 
inches  long  and  1  inch  wide,  with  the  greatest  width 
in  the  upper  one-third.  Leaves  on  the  upper  stem  are 
smaller—  1  to  3  inches  long  and  less  thzm  V2  inch  wide 
—and  without  toothed  meirgins.  Leaves  and  stems 
are  sparsely  covered  with  short,  stiff,  ascending  hairs 
that  make  plants  rough  to  the  touch. 

The  inflorescence  consists  of  several  to  many  dai- 
sylike flower  heads,  %  inch  or  less  in  diameter.  Each 
head  has  an  outer  ring  of  ray  flowers  and  em  inner 
disk  of  tubular  flowers.  The  ligules  of  the  ray  flowers 
are  about  V*  inch  long  and  usually  white,  though  occa- 
sionally the  outer  may  be  bluish  or  pink.  Yellow  flow- 
ers make  up  the  central  disk,  which  is  about  H  inch  in 
diameter.  Flowering  may  begin  in  mid- April  and  con- 
tinues through  midsummer.  Both  ray  and  disk  flow- 
ers produce  a  two-nerved  achene  less  than  Vie  inch 
long. 

Prairie  fleabane,  Erigeron  strigosus  Muhl.  ex 
Willd.  var.  strigosus,  is  also  an  annual,  rarely  a 
biennial.  It  is  a  larger  plant  with  larger,  more  showy 
flower  heads,  but  is  seldom  found  on  grazed  southern 
forest  range.  Several  recent  authors  "lump"  both 
varieties  under  E.  strigosus  Muhl.  (Radford  and  oth- 
ers 1968,  Correll  emd  Johnson  1970).  Other  spring- 
flowering  biennieil  or  perennial  fleabanes  common 
southwide  include  E.  philadelphicus  L.,  a  robust 
plant  with  toothed  or  divided,  oblanceolate  lower 
leaves,  and  E.  pulchellus  Michx.,  with  mostly  basal 
leaves  and  the  few  stem  leaves  reduced  in  size  toward 
the  tip  of  the  usually  unbranched  stem,  which  is  ter- 
minated by  one  to  several  showy  flower  heads.  Erige- 
'•on  tenuis  T.  &  G.,  which  is  not  found  east  of  the  Mis- 
sissippi River,  is  a  slender  plant  with  oblanceolate, 
shallowly  lobed  leaves  and  several  bremches  forming 
i  more  or  less  flat-topped  inflorescence. 

The  annual  horseweed,  or  horseteiil  conyza,  Conyza 
canadensis  var.  pusilla  (Nutt.)  Cronq.  (E.  pusillus 
Vutt.),  is  a  common  roadside  weed  throughout  the 
50uth.  It  has  numerous  narrow  leaves  gradually 
•educed  in  size  going  up  the  usually  unbranched 
item,  with  the  lower,  broader  leaves  falling  early, 
^lower  heads  are  small,  numerous,  and  in  a  long,  open 
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Daisy  Fleabane — (Continued) 


Eupatoriums — Eupatorium  spp. 


inflorescence.  Plant  height  may  exceed  6  feet  on  dis- 
turbed sites.  Conyza  canadensis  (L.)  Cronq.  var.  cana- 
densis (E.  canadensis  L.)  is  widespread  in  the  eastern 
U.S.  but  is  not  common  on  the  Coastal  Plain. 

Cattle  graze  daisy  fleabane  in  the  spring  before 
flowers  form.  On  some  sites,  plants  are  abundant 
enough  to  contribute  considerable  forage.  Nutritive 
value  of  young  plants  is  high.  In  summer,  deer  may 
browse  the  flowers  emd  upper  stems  of  several  flea- 
banes. 

Range:  Texas  to  Florida,  extending  north  to 
Rhode  Island,  then  west  to  Washington. 


Annual.  Stems  strigose,  20-100  cm  tall;  basal  leaves 
oblanceolate  to  elliptic,  entire  or  toothed,  petiolate, 
up  to  15  cm  long  and  2.5  cm  wide;  upper  leaves  linear 
to  lanceolate,  minutely  strigose  to  glabrous,  entire, 
alternate,  sessile;  inflorescence  corymbose,  of  few  to 
many  heads;  heads  5-15  mm  in  diameter;  bracts 
2-3  mm  long,  linear-lanceolate,  scarious  margined; 
disk  9  mm  or  less  in  diameter,  flowers  perfect;  ray 
flowers  pistillate,  rays  6  mm  long  or  less,  white  to 
bluish  or  pink;  achene  2-nerved,  angled,  about  1  mm 
long. 


The  eupatoriums,  along  with  asters  and  golden- 
rods,  are  the  most  common  composites  in  the  south- 
ern United  States.  Several  species  grow  on  ranges  in 
good  condition;  others  occur  mainly  as  invaders  of 
disturbed  sites.  In  general,  eupatoriums  have  Uttle 
grazing  value;  at  least  one  species,  white  snakeroot,  is 
poisonous  to  hvestock.  The  seeds  of  several  eupato- 
riums are  eaten  by  birds. 

The  many-branched  inflorescence  is  composed  of 
numerous  heads  in  flat-topped,  rounded,  or  conical 
arrangements.  In  the  most  common  species  on  south- 
ern pine  forest  range,  flowers  are  tubular,  white,  and 
about  Va  inch  long.  Heads  are  enclosed  at  the  base  by 
a  whorl  of  greenish  bracts,  which  in  some  species 
have  whitish  margins  and  tips.  Most  eupatoriums 
have  fewer  than  10  flowers  per  head,  but  some  have 
up  to  70.  Each  corolla  is  surrounded  and  almost  hid- 
den by  an  early  developing  ring  of  hairs,  or  pappus, 
which  acts  like  a  parachute  to  aid  in  wind  dissemina- 
tion of  the  fruit  (achene). 

Most  eupatoriums  flower  in  late  summer  or  fall;] 
hence  recognition  during  most  of  the  growing  season' 
must  depend  on  vegetative  differences.  Intergrada- 
tion  is  common  among  associated  species.  The  follow- 
ing key  may  aid  in  the  identification  of  several  com-i 
mon  species  by  foUage  characteristics.  All  plants  are 
perennials  and  flower  color  is  white  unless  another! 
color  is  specified.  Descriptions  of  four  species  follow 
the  key.  The  four  species,  which  illustrate  the  range  in 
leaf  shapes  and  inflorescence  types  in  Eupatorium, 
are  white  eupatorium,  E.  album  L.;  dogfennel,  E.  cap-; 
illi folium  (Lam.)  Small;  hyssopleaf  eupatorium,  E.'\ 
hyssopifolium  L.;  and  roundleaf  eupatorium,  E. 
rotundifolium  L. 
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Key  to  Eupatoriums 

1.  Leaves  dissected  into  narrow  segments,  opposite 

and  alternate  on  same  plaint;  inflorescence  conical   2 

1 .  Leaf  margins  toothed  but  not  dissected,  leaves 

opposite;  inflorescence  more  or  less  flat  topped  3 

2.  Leaf  segments  hairlike;  plant  tops  lax, 

slightly  drooping   E.  capillifolium  (Lam.)  Small,  dogfennel  (page 

100) 
2.  Leaf  segments  flat,  often  '/s  -  Va  inch 

(3-6  mm)  wide;  plant  tops  erect  E.  compositi folium  Walt.,  yeinkeeweed 

3.  Length  of  typical  leaf  blade  less  than  twice  the  width 4 

3.  Length  of  blade  2  or  more  times  the  width  5 

4.  Blades  ovate  to  broadly  rounded,  sessile; 

flowers  white    E.  rotundifolium  L.,  roundleaf  eupatorium 

(page  101) 
4.  Blades  triangular,  veiny,  on  petioles  V2  to  V2 

blade  length;  flowers  blue'    E.  coelestinum  L.  (Conoclinium  coelestinum 

(L.)  DC.)^  mist-flower 
5.  Blades  attached  directly  to  stem;  no  obvious  leaf 

stalk  (petiole)   6 

5.  Blades  with  conspicuous  petioles   10 

6.  Leaf  bases  of  opposite  pair  of  leaves  joining 

around  stem  E.  perfoliatum  L.,  boneset 

6.  Leaves  merely  sessile  or  essentially  so  7 

7.  Blade  margins  toothed  on  upper  half  only    E.  semiserratum  DC,  smallflower  eupatorium 

7.  Blade  margins  toothed  below  the  middle  or 

leaves  linear  8 

8.  Larger  leaves  less  than  V2  inch  (1.3  cm)  wide    9 

8.  Largerleavesmore  tham '72  inch(1.3cm)  wide    £^.  a/6um  L.,  white  eupatorium  (page  100) 

9.  Leaves  narrow  with  reduced  axillary  branches, 

appeeiring  whorled  E.  hyssopifolium  L.,  hyssopleaf  eupatorium 

(page  100) 
9.  Leaves  without  axillary  branches,  toothed  or 

entire  E.  leucolepis  (DC.)  T.  &  G.,  hoarscale 

eupatorium 
10.  Length  of  typical  blade  at  least 

3  times  the  width  E.  serotinum  Michx.,  late  eupatorium 

10.  Length  of  typical  blade  2-2^2  times 

width  E.  rugosum  Houtt.  (Ageratina  altissima  (L.)  R. 

M.  King  &  H.  Rob.),  white  snakeroot  (mist- 
flower  fits  here  also) 


Another  blue-flowered  eupatorium,  ivyleaf  eupatorium,  E.  ivifolium  L.  (Chwmolaena  ivifolia  (L.)  R.  M.  King  &  H.  Rob.),  is  found  in  south- 
em  Louisiana  and  Mississippi.  It  is  a  freely  branching,  often  sprawling  plant,  with  narrow,  sessile,  sparsely  toothed  leaves. 
'  Names  in  parenthesis  are  indicated  as  preferred  in  NLSPN  (USDA  1982). 


99 


White  Eupatorium — EupatoHum  album  L. 

White  eupatorium,  named  for  the  whitish  membra- 
nous margins  of  the  bracts  surrounding  the  flower 
heads,  is  common  on  periodicadly  burned,  open,  sandy 
longleaf-slash  pine  range. 

Mature  plants  are  about  2  feet  tall  and  conspicu- 
ously hairy.  The  leaves  are  opposite,  elhptical,  coarse 
toothed,  and  without  petioles.  Blades  may  be  up  to  5 
inches  long  and  1  inch  wide,  but  they  are  commonly 
about  2  inches  long  and  V2  inch  wide.  Flat-topped 
inflorescences  appeeir  in  midsummer,  and  flowering 
continues  until  frost. 

Although  boneset,  Eupatorium  perfoliatum  L.,  and 
smallflower  eupatorium,  E.  semiserratum  DC.  (E. 
glaucescens  Ell.)  resemble  white  eupatorium  sUghtly, 
they  are  usuaJly  confined  to  wetter  sites.  Other  differ- 
ences are  noted  in  the  key.  Late  eupatorium,  E.  sero- 
tinum  Michx.,  is  very  common  on  a  wide  range  of 
sites.  Its  leaf  blades  are  about  as  broad  as  white  eupa- 
torium, but  leaves  are  on  petioles  about  1  inch  long. 
Late  eupatorium  may  be  mistaken  for  white  snake- 
root  (see  key). 

Cattle  occasionally  graze  the  tender  spring  leaves 
of  white  eupatorium,  but  the  coarse,  stiff  foUage  of 
older  growth  is  unpalatable. 

Range:  Louisiana  to  Florida,  extending  north  to 
Arkansas,  Ohio,  and  New  York. 


Perennial.  Stems  20  -  90  cm  tall,  harshly  pubescent; 
leaves  simple,  opposite,  glandular-punctate,  elliptic 
to  lanceolate,  serrate,  sessile,  pilose  to  scabrous  or 
almost  glabrous,  3-10  cm  long,  1-3  cm  wide;  inflo- 
rescence a  corymb  10-25  cm  broad,  ultimate  bran- 
chlets  terminated  by  a  head  of  three  to  five  tubular 
flowers;  heads  8-11  mm  long;  bracts  imbricate,  lan- 
ceolate, white-scarious-margined,  glandular-punc- 
tate, exceeding  the  corolla;  corolla  white,  tubuleir, 
glandular-punctate,  3-5  mm  long;  fruit  an  achene, 
3-5  mm  long. 

Dogfennel — Eupatorium  capillifolium  (Lam.)  Small 

Dogfennel  and  its  close  relative,  yankeeweed, 
Eupatorium  compositi folium  Wfilt.,  invade  aban- 
doned fields,  disturbed  or  overgrazed  pastures  and 
forests,  and  roadsides,  especially  on  dry  sandy  soils. 
Dogfennel  grows  in  colonies  from  a  thick,  woody, 
underground  base.  Plsints  average  4  to  5  feet  in 
height,  but  on  moist  fertile  sites  they  may  reach  9 
feet.  On  dry  sandy  soils,  yankeeweed  is  usually  the 
more  abundant  of  the  two. 

Dogfennel  leaves  are  deeply  dissected  into  fine, 
hairlike  lobes  that  give  the  foliage  a  needlelike 
appearance  and  soft  feel.  Yankeeweed  leaves  are  also 
divided,  but  segments  are  broader. 

The  dogfennel  inflorescence  is  a  long,  conical  pani- 
cle, usually  somewhat  lax  or  nodding.  Only  yankee- 
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weed  has  a  simileir  inflorescence,  and  it  is  erect.  Other 
eupatoriums  are  flat-topped.  Dogfennel  and  yankee- 
weed flower  in  the  fall,  later  than  most  associated 
plants.  They  emit  a  pleasing  fragrance  when  in  full 
bloom. 

Dogfennel  is  scarce  on  forest  range  in  good  condi- 
tion. It  has  no  value  as  forage  or  wildlife  food.  Cattle 
graze  it  sparingly,  if  at  all,  even  where  other  herbage 
is  scarce. 

Range:  Texas  to  Florida,  extending  north  to  Ten- 
nessee and  New  Jersey. 


Perennial.  Stems  several,  from  a  stout  woody  caudex, 
1  -  3  m  tall,  pubescent  or  puberulent,  upper  stem  lax, 
nodding;  leaves  pinnately  dissected  into  filiform  divi- 
sions, 2-10  cm  long,  glabrous,  glandular-punctate, 
often  with  axillary  fascicles;  inflorescence  a  lax,  elon- 
gate, conical  panicle;  heads  3-  to  5-flowered,  3-5  mm 
long;  flowers  2-3  mm  long,  corolla  white,  tubular; 
achene  about  1  mm  long,  smooth. 

Hyssopleaf  Eupatorium — Eupatorium  hyssopi- 

folium  L. 

This  eupatorium  grows  on  drainageways  and 
poorly  drained  flats  throughout  the  longleaf-  slash- 
pine  type.  Although  rarely  abundant,  plants  are 
conspicuous  when  flowering  in  late  summer. 

Mature  pljmts  may  reach  3  feet  in  height,  but  aver- 
age about  2  feet.  Primary  leaves  are  about  1 V2  inches 
long  and  V2  inch  or  less  in  width.  Their  sparsely 
toothed  or  entire  mgirgins  frequently  roll  inward 
along  the  lower  surface;  thus,  blades  may  appear 
threadUke,  resembUng  those  of  dogfennel.  Hyssopleaf 
eupatorium  is  distinguishable  by  the  reduced  leafy 
branches  arising  from  leaf  axils.  These  branches 
cause  leaves,  which  are  generally  paired  and  opposite, 
to  appear  numerous  and  whorled.  In  some  specimens, 
however,  three  or  four  leaves  may  occur  at  each  node. 

Leaves  of  hoeirscede  eupatorium,  Eupatorium  leu- 
colepis  (DC.)  T.  &  G.,  are  narrow,  like  those  of  hysso- 
pleaf eupatorium,  £md  the  two  species  inhabit  similar 
sites.  But  because  hoarscale  eupatorium  is  without 
branches  in  the  leaf  axils,  its  leaves  are  distinctly 
opposite. 

Cattle  rarely  graze  either  eupatorium. 

Range:  Texas  to  Florida,  extending  north  tc 
Rhode  Island. 


Perennial.  Stems  30-  100  cm  tall,  puberulent  or  stri 
gose;  leaves  simple,  linesir,  1-10  mm  wide,  2-6  cm 
long,  opposite  or  sometimes  three  to  four  verticillate, 
appearing  whorled  because  of  axillary  leafy  branches, 
upper  leaves  often  alternate,  margins  entire  or  feW' 
toothed;  inflorescence  a  corymb,  8-20  cm  wide; 
heads  6-9  mm  long;  bracts  4-7  mm  long,  canescent 
pilose,  scarious-margined;  corolla  white,  3-4  mm 
long;  achene  about  2  mm  long,  ribbed. 
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Roundleaf   Eupatorium — Eupatorium  rotundi- 

folium  L. 

Roundleaf  eupatorium  is  common  on  poorly 
drained  uplands.  It  grows  as  scattered  individuals 
about  2  feet  tall.  Leaves  are  ovate  with  regular,  blunt 
teeth.  Leaf  blades,  attached  directly  to  the  stem,  are  1 
to  2  inches  long  and  about  the  same  in  width. 

Roundleaf  is  the  most  common  eupatorium  with 
leaves  about  as  broad  as  long.  In  this  treatment  it 
includes  those  plants  with  typical  ovate  leaves  and 
truncate  bases  (Eupatorium  rotundifolium  L.  var. 
rotundifolium  of  some  authors)  and  also  those  with 
wedge-shaped  bases  (E.  rotundifolium.  var.  ovatum 
(Bigel.)  Torr.  orE.  pubescens  Muhl.  of  some  authors). 

Eupatorium  pilosum  Walt,  is  listed  in  some  books 
as  E.  rotundifolium,  var.  saundersii  (Porter)  Cronq.  It 
is  common  on  a  variety  of  sites  throughout  the 
Coastad  Plain  from  southeastern  Louisiana  to  New 
York.  Leaf  blades  are  generally  longer  than  broad, 
coarsely  and  irregularly  toothed,  and  without 
petioles. 

Range:  Texas  to  Florida,  extending  north  to  Ten- 
nessee and  New  York. 


Perennial.  Stems  30-120  cm  tall,  tomentulose; 
leaves  simple,  opposite,  sessile,  ovate  to  subrotund, 
crenate  or  crenate-dentate,  with  straight,  entire,  sub- 
truncate,  cordate  to  broadly  cuneate  bases,  scabrous 
above,  pilose  and  rugose-veiny  beneath,  2-7  cm  long, 
width  approximately  equaling  length;  corymb  10-20 
cm  wide;  heads  5-7  mm  long,  inner  bracts  pilose, 
white-scarious-margined,  3-5  mm  long;  corolla 
white,  tubular;  achene  2-3  mm  long. 
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Fragrant  Cudweed — Gnaphalium  obtusifolium  L. 


This  annual  or  biennial  weed  is  better  known 
across  the  South  as  rabbit-tobacco.  It  is  found 
throughout  the  eastern  half  of  the  nation  but  is  espe- 
cially common  on  the  sandy  Coastal  Plains  soils  of 
the  South.  Other  names  are  catfoot,  sweet-everlast- 
ing, and  old-field-balsam.  Like  most  annual  compos- 
ites, it  grows  best  where  competition  from  perennial 
grasses  is  hght.  Common  sites  include  fireUnes,  over- 
grazed ranges,  and  burned  areas,  especially  on  dry 
sandy  soils  under  an  open  pine  canopy.  Fragrant 
cudweed  usually  grows  in  clusters  of  unbranched 
stems  2  to  3  feet  tall.  Leaves  are  lance-shaped,  com- 
monly about  3  inches  long  and  '/s  inch  wide.  Upper 
leaf  surfaces  are  green  and  almost  hairless;  stems  and 
lower  leaf  surfaces  are  woolly  with  grayish  hair.  A 
showy,  branched  inflorescence  terminates  each  stalk. 
Flowers  are  in  clusters  of  constricted,  white  woolly 
heads,  each  about  Va  inch  high  and  opening  to  about 
as  wide  at  maturity.  Like  flowers  of  the  pussytoes, 
Antennaria  spp.,  they  lack  the  conspicuous  rays  typi- 
cdl  of  showier  composites  such  as  the  sunflowers, 
Helianthus  spp. 

A  closely  related  annual  species,  Gnaphalium  hel- 
leri  Britt.,  considered  a  variety  of  G.  obtusifolium  by 
FernEild  (1950),  has  glandular-hairy  stems  that  are 
green  in  color.  The  two  species  are  often  found  grow- 
ing on  the  SEune  site. 

A  common  relative  of  fragrant  cudweed  is  purple 
cudweed,  Gam.ochaeta  purpurea  (L.)  Cabrera,  (Gna- 
phalium purpureum  L.),  a  much  smaller  annued  with 
blunt  leaves  broadest  above  the  middle.  Flower  heads 
sometimes  turn  purplish  at  maturity.  Like  fragrant 
cudweed,  it  is  found  most  often  on  dry,  disturbed 
sites  but  is  frequently  found  on  undisturbed  sites.  A 
basal  rosette  of  leaves  is  formed  in  late  winter  £ind 
provides  some  early  feed  for  deer  and  turkey.  Neither 
fragrant  nor  purple  cudweed  is  desirable  forage  for 
cattle.  Purple  cudweed  occurs  in  several  forms 
throughout  the  South;  these  forms  are  considered 
veirieties  by  some  authors  and  separate  species  by 
others. 

Range:  Texas  to  Florida,  extending  north  to  Can- 
ada. 


acli 


Annual  or  biennial.  Steins  20-150  cm  tall, 
unbranched  except  in  inflorescence;  leaves  alternate, 
elliptic-Unear-lanceolate,  2-10  cm  long,  2-10  mm 
wide,  upper  surface  green  and  glabrate  to  papUlate, 
lower  surface  gray-woolly;  inflorescence  corymbose; 
involucres  in  loose  clusters  at  tips  of  corymb 
branches,  6-7  mm  high;  phyllaries  whitish  and  sca- 
rious,  in  three  to  five  different  lengths,  pilose  on  lower 
half,  outer  with  rounded  tips,  inner  acute,  equaling  or 
exceeding  fTowers;  flowers  all  tubular,  outer  pistillate, 
inner  perfect;  achenes  flat  Euid  glabrous. 
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Bitter  Sneezeweed — Helenium  amarum  (Raf.)  Rock 


Bitter  sneezeweed,  like  most  annuals,  is  a  prolific 
seeder.  It  aggressively  invades  denuded  areas, 
appearing  prominently  along  roadsides,  in  old  fields, 
and  on  overgrazed  grasslands.  It  tolerates  all  but 
very  wet  or  heavily  shaded  sites. 

Height  rarely  exceeds  2  feet.  Stems  vary  from 
simple  to  profusely  branched.  Leaves  are  numerous, 
threadlike,  and  up  to  3  inches  long.  Each  stem  or 
branch  produces  many  flower  heads,  which  average 
about  an  inch  in  diameter.  Collectively,  these  form  a 
flat-topped  cluster.  The  central  disk  of  the  head,  con- 
sisting of  tubular  flowers,  is  surrounded  by  drooping, 
three-lobed,  yellow  ray  flowers.  Flowering  begins  in 
the  spring  and  continues  through  the  growing  season. 

Bitter  sneezeweed  is  low  in  palatability.  Although 
it  is  reportedly  toxic  to  livestock,  cattle  rarely  con- 
sume enough  to  develop  serious  symptoms.  When 
grazed  by  dairy  cows,  a  bitter  taste  is  treinsmitted  to 
the  milk. 

Purplehead  sneezeweed,  Helenium  flexuosum  Raf. 
(H.  nudiflorum  Nutt.),  with  broader  leaves  and 
winged  stems,  has  flower  heads  resembling  those  of 
bitter  sneezeweed;  disks  are  purple  and  rays  may  be 
yellow  or  purplish.  Common  sneezeweed,  H.  autum- 
nale  L.,  is  similar  to  purplehead  except  that  the  cen- 
tral disk  is  yellow. 

Range:  Texas  to  Florida,  extending  north  to  Kan- 
sas, Missouri,  Illinois,  and  Virginia. 
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Annual.  Stems  20  -  50  cm  tall,  very  leafy,  simple  to 
corymbosely  branched  above  the  middle;  leaves  1-8 
cm  long,  alternate,  1-2  mm  broad,  filiform  to  linear, 
densely  glandular-punctate,  glabrous;  heads  several  to 
numerous,  1.5-2.5  cm  broad,  radiate,  solitary  on 
slender,  naked  peduncles,  disk  ocher  yellow,  globular, 
6-12  mm  broad;  disk  flowers  4-5  mm  long,  on  a 
globular,  naked  receptacle;  ray  flowers  5-10,  pistil- 
late; ligules  cadmium  yeUow,  3-toothed,  5-12  mm 
long,  spreading  to  reflexed,  glandular  on  the  back; 
achenes  about  1  mm  long,  brown,  hairy;  pappus 
scales  hyaline,  with  an  awn  as  long  as  the  body. 
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Swamp  Sunflower — Helianthus  angustifolius  L. 


Its  name  is  misleading,  for  swamp  sunflower  is  the 
most  common  of  the  perennial  forbs  on  a  variety  of 
upland  range  sites,  including  dry  sandy  ridges.  It 
occurs  also  on  low,  open  flatwoods  and  other  wet 
sites. 

Like  most  sunflowers,  stems  and  leaves  are  rough 
to  the  touch.  In  dense  grass,  stems  seldom  exceed  2 
or  3  feet  in  height,  the  plants  usually  being  inconspic- 
uous until  the  flower  heads  appear.  On  fireUnes  or 
other  clearings,  this  species  may  grow  more  than  6 
feet  tall.  The  lower  stem  is  covered  with  short,  stiff 
hairs. 

On  open  sites  the  leaves  average  2V2  inches  long 
and  less  than  V%  inch  wide.  They  appear  even  nar- 
rower because  their  margins  roU  under.  Under  timber, 
leaves  may  be  flat  and  up  to  ^4  inch  wide.  Heads,  1 V2 
to  2  inches  broad,  appear  by  early  October.  Each  has 
a  purplish  central  disk  about  V2  inch  in  diameter  and 
an  outer  ring  of  yeUow  ray  flowers.  Leaves,  though 
slender,  Eire  Eilmost  fleshy.  They  are  covered  through- 
out with  short,  stiff  hairs  that  project  from  small  con- 
ical bases. 

Although  early  growth  of  Texas  ironweed  resem- 
bles swamp  sunflower,  it  is  easily  distinguished  when 
its  flower  heads  appear  in  early  summer.  Its  inward- 
rolled  leaves  are  strongly  lance  shaped;  those  of 
sw£imp  sunflower  are  almost  linear.  Swamp  sunflower 
intergrades  with  Helianthus  floridanus  Gray  ex 
Chapm.  in  south  Georgia  and  east  Florida  to  produce 
plants  with  flowers  having  yellow  disks  (Godfrey  and 
Wooten  1981). 

Swamp  sunflower  is  the  most  valuable  forage  forb 
on  longleaf-slash  pine-bluestem  range.  It  is  high  in 
protein,  often  containing  more  than  10  percent  in  the 
full-leaf  stage.  Cattle  eat  it  throughout  the  growing 
season.  Grazing  causes  plants  to  branch  freely.  Site 
preparation,  such  as  disking  for  direct  seeding, 
causes  swamp  sunflower  to  increase.  Deer  eat  the 
leaves  and  young  stems,  and  the  seeds  provide  food 
for  quail  and  doves. 

Range:  Texas  to  Florida  and  New  York,  extending 
inland  to  Kentucky,  Indiana,  and  Missouri. 


Perennial.  Stems  50-150  cm  tall,  branched  above, 
arising  from  a  short,  erect  crown;  leaves  8-20  cm 
long,  0.3-1.5  cm  wide,  simple,  sparse  to  numerous, 
sessile,  alternate  (basal  sometimes  opposite),  atten- 
uate, the  margins  revolute  in  the  very  narrow  leaves; 
heads  many,  radiate,  3-7  cm  broad,  involucral 
bracts  8-12  mm  long,  subulate;  disks  dark  purple, 
10-15  mm  long,  fertile;  chaff  about  7  mm  long,  red- 
violet  tipped,  3-toothed;  rays  10  to  13,  neuter,  bright 
yellow  orange,  1-3  cm  long,  5-6  mm  broad;  achenes 
3-4  mm  long,  flattened,  dull  black,  mottled  with  tan; 
pappus  of  two  caducous  scedes. 
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Hairy  Sunflower — Helianthus  hirsutus  Raf. 


Hairy  sunflower  is  common  across  the  South  but  is 
not  as  abund£mt  as  swamp  sunflower.  It  occurs  on 
sandy  sites  and  seems  to  be  fairly  shade  toleremt. 

Plants  are  2  to  4  feet  tall,  branching  from  the  axils 
of  the  upper  leaves.  A  single  flowerhead,  about  2 
inches  in  diameter,  terminates  the  main  stem  and  lat- 
eral branches.  Disk  flowers  as  well  as  rays  are  yellow. 
Leaves  are  lance  shaped  and  opposite,  although 
uppermost  leaves  may  be  alternate.  Usually  gray 
green  in  color,  leaves  may  be  Va  to  Vi  inch  wide  and  up 
to  7  inches  long.  As  in  memy  sunflowers,  short,  stiff, 
glandular  hedrs  make  leaves  and  stems  rough  to  the 
touch.  Stem  hairs,  however,  may  be  longer  and  softer 
than  those  of  the  leaves. 

Cattle  eat  the  immature  foliage,  but  on  forested 
range,  plants  are  seldom  abundant  enough  to  provide 
a  significant  amount  of  forage.  It  is  not  recognized  as 
a  valuable  livestock  or  wildhfe  food  plant. 

Range:  East  Texas,  Oklahoma,  and  Arkansas  to 
Georgia,  extending  north  to  Minnesota  and  Pennsyl- 
vania. 


Perennieil.  Stems  erect,  from  stout  rhizomes,  50  to 
170  cm  tall,  internodes  hirsute  or  scabrous;  leaves 
opposite  (uppermost  may  be  alternate),  sessile  or  on 
petioles  up  to  15  mm  long,  blades  ovate  to  lanceolate, 
up  to  7  cm  broad  and  18  cm  long,  lower  surface  hir- 
sute or  scabrous;  flower  heads  solitary  at  ends  of 
main  stem  and  lateral  branches;  disk  1-2  cm  broad, 
flowers  yellow;  rays  yellow,  15-35  mm  long;  involu- 
cral  bracts  lancolate,  long-tapering,  exceeding  the 
disk;  achene  about  4  mm  long,  winged. 


Habit 
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Grassleaf  Goldaster — Heterotheca  graminifoUa  (Michx.)  Shinners— fCArysopsts  graminifolia  (Michx.)  Ell.) 


Grassleaf  goldaster  grows  on  a  variety  of  sites  but 
is  most  common  on  sandy  soils.  Until  the  infloresc- 
ences appear  in  summer,  the  plants  superficially 
resemble  grasses.  The  elongate  leaves  measure  up  to 
10  inches  £md  have  prominent  longitudinal  veins. 
Long  silky  hairs  paralleling  the  veins  Ue  flat  against 
the  leaf;  they  produce  a  silvery  sheen,  which  the  dead 
leaves  retain  through  the  winter. 

Plants,  including  the  profusely  branched  infloresc- 
ence, grow  to  3  feet  tedl.  The  asterUke  flower  heads 
are  about  Ys  inch  in  diameter,  with  golden-yellow  ray 
flowers.  Several  rows  of  overlapping,  narrow  bracts 
enclose  the  bases. 

Soft  goldaster,  Heterotheca  pilosa  (Nutt.)  Shin- 
ners,  is  a  common  taprooted  annual  on  sandy  sites 
from  Texas  and  Mississippi  to  Kansas  and  Missouri. 
It  occurs  less  commonly  in  Tennessee  and  North  Car- 
olina. Flower  heads  are  similar  to  those  of  grassleaf 
goldaster,  but  larger.  Foliage  of  soft  goldaster  lacks 
the  silky  hairs  and  parallel  venation  of  grassleaf. 
Lower  stem  leaves  are  toothed  and  semi-clasping. 
Leaves  on  branches  are  reduced  in  size,  and  entire. 
Leaves  and  stems  have  spreading  white  hairs  of  vary- 
ing length  and  density.  Like  most  annual  forbs,  soft 
goldaster  is  most  abundant  on  roadsides,  firelines, 
and  other  disturbed  sites. 

Marylemd  goldaster,  H.  mariana  (L.)  Shirmers,  a 
perennial  with  long,  cobwebby  hairs  on  stems  and 
leaves  of  young  growth,  resembles  soft  goldaster  and 
grows  on  the  seune  sites.  Camphorweed,  H.  subaxil- 
laris  (Lam.)  Britt.  &  Rusby,  is  a  weedy,  almost 
woody,  goldaster  with  rough,  coarsely  toothed  leaves, 
that  may  grow  unbranched  to  a  height  of  8  feet  or 
may  form  bushy  branched  plemts  about  3  feet  tall. 

Because  of  its  scattered  distribution,  grassleaf 
goldaster  contributes  only  a  small  part  of  the  cattle 
diet.  Nutritive  value  exceeds  that  of  most  grasses  but 
palatability  is  only  fair.  Cattle  graze  it  mainly  in  the 
spring  when  plants  are  young  and  succulent. 

Range:  Louisiana  to  Florida  and  Virginia. 


Pet 
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Perennial.  Stems  30  -  90  cm  tall;  basal  leaves  10-30 
cm  long,  0.2-1.0  cm  broad,  veins  peirallel;  cauline 
leaves  appressed,  alternate,  decreasing  in  size  up  the 
stem;  inflorescence  irreguleirly  corymbose;  heads  tur- 
binate, yellow,  radiate,  solitary  at  the  ends  of  elon- 
gate ascending  peduncles;  involucres  7-11  mm  high; 
phyllaries  in  several  series,  loosely  white-hairy  to 
glzmdular;  disk  flowers  7-8  mm  long,  numerous,  fer- 
tile; ray  flowers  fertile,  the  narrow  hgule  8-12  mm 
long;  pappus  double;  achene  about  3  mm  long,  linear, 
dark  brown,  hairy. 
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Hawkweed — Hieracium  gronovii  L. 

This  southern  species  represents  a  group  of  native 
hawkweeds  whose  primary  ranges  are  mainly  in  the 
northern  or  mountainous  parts  of  the  United  States. 
Numerous  species  are  introduced  weeds  from  Europe. 
Hieracium  gronovii  has  hairy  stems  and  oblanceolate 
basal  leaves  up  to  7  inches  long.  Flower  stalks  are  2  to 
3  feet  t£ill,  with  several  reduced  leaves,  and  are  termi- 
nated by  an  erect  panicle  of  flower  heads.  Flower 
heads  are  about  Va  inch  long  with  no  disk  flowers.  The 
yellow  ray  flowers  are  barely  visible  behind  the 
almost  tubulair  outer  ring  of  greenish  bracts.  H.  gron- 
ovii occurs  most  frequently  in  open  sandy  woodlands, 
Eilthough  it  is  seldom  found  on  burned  and  grazed 
range.  It  is  a  common  weed  of  roadsides  and  lawns. 

Other  species  of  Hieracium  that  range  into  the 
South  occur  in  the  Piedmont  and  adjacent  areas  of 
the  Coastal  Plain.  Western  species  are  found  in 
Arkansas  and  Missouri.  Several  dxe  common  weeds  of 
pastures.  Most  have  yellow  flowers  and  hairy  stems 
and  leaves,  emd  all  have  milky  sap. 

Hawkweed  is  a  palatable  forage  plant  for  livestock, 
and  deer  eat  flower  heads  and  stem  tips  in  summer.  It 
is  seldom  abundant  enough,  however,  to  be  consid- 
ered a  valuable  forage  component  of  the  range. 

Range:  Texas  to  Florida,  extending  north  to  Mich- 
igan and  Massachusetts. 


Perennial.  Stems  erect,  to  1  m  tall,  pilose  to  pubes- 
cent; leaves  mostly  basal,  oblanceolate  to  elliptic, 
8-17  cm  long,  to  5  cm  wide,  abruptly  reduced  up  the 
stem,  pilose;  inflorescence  a  narrow,  erect  panicle; 
involucres  6-8  mm  long,  bracts  acute  to  acuminate, 
heads  20-  to  40-flowered,  all  ray  flowers;  rays  yellow; 
nutlets  fusiform,  3-4  mm  long;  pappus  tan. 
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Ragweed  WooUywhite — Hymenopappus  artemisiifolius  DC 


Ragweed  woollywhite  is  conspicuous  from  April 
through  June  on  roadsides  through  s£indy  open  wood- 
lands of  east  Texas  and  southwestern  Louisiema.  It  is 
a  biennial,  about  3  feet  tall  when  mature,  with  a  based 
rosette  of  leaves  and  a  thick  taproot.  Basal  leaves  are 
entire  or  once-divided,  green  on  the  upper  surface  and 
"wooUy-white"  below;  stem  leaves  are  deeply  lobed 
and  reduced  in  size  up  the  stem.  Flower  heads  are  in 
axillary  and  terminal  clusters  in  a  stiffy  branched 
inflorescence.  Membranaceous  bracts  enclosing  the 
flower  heads  are  whitish,  often  tinged  with  red  or 
purple.  Another  species,  flattop  woollywhite,  Hymen- 
opappus scabiosaeus  L'Her.,  grows  southwide  on  dry 
sandy  or  clayey  soils.  Leaves  of  flattop  wooUywhite 
are  more  finely  divided  than  those  of  ragweed  woolly- 
white, and  flowers  are  completely  white. 

Based  leaves  of  ragweed  woollywhite  are  eaten  by 
cattle  and  deer  in  eairly  spring  when  other  green  for- 
age is  scarce.  Flowers  appeeir  by  the  first  of  May  and 
mature  plants  are  not  grazed  under  moderate  utiliza- 
tion. 

Range:  Texas  and  Louisiana. 


Biennied.  Stems  to  90  cm  tedl;  leaves  of  based  rosette  8 
to  18  cm  long,  entire  or  pinnatifid,  upper  leaves 
reduced  and  pinnatifid;  inflorescence  cymose,  involu- 
cres campanulate,  about  15  mm  wide;  phyllaries 
white  or  tinged  with  red,  heads  with  disk  flowers 
only;  corollas  funnel  shaped,  rose  colored,  3.5  -  5  mm 
long;  pappus  of  16-18  scedes  about  1  mm  long;  ach- 
enes  4-sided,  3-4  mm  long. 
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Gay  feathers — Liatris  spp. 


About  20  gayfeathers,  or  blazing-stars,  are  found 
in  southern  pine  forests.  Severed  are  found  southwide, 
while  others  have  limited  distributions.  Most  are 
showy,  slender,  erect,  narrow-leaved  perennials,  with 
stems  arising  from  a  bulblike  base.  Leaves  are  gener- 
ally longest  at  the  base  of  the  plant  and  decrease  in 
length  up  the  stem.  The  based  leaves  form  a  rosette  in 
the  spring  before  stalks  begin  growth. 


The  gayfeathers  inhabit  open  to  moderately  tim- 
bered sites.  Most  grow  best  on  sandy  soils,  although 
some  require  fairly  wet  sites.  Cattle  may  eat  new 
growth  but  generally  reject  older  herbage.  Gayfeath- 
ers eire  moderately  resisteint  to  grazing,  but  disappear 
on  heavily  used  areas.  Thus,  ein  abundance  of  gay- 
feathers indicates  that  the  range  is  not  being  over- 
grazed. 
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Slender  Gayfeather — Liatris  acidota  Engelm.  & 

Gray 

Slender  gayfeather  grows  on  moist,  well-drained 

soUs  of  the  Coastal  Plain  in  Louisiana  and  east  Texas. 

Plants  are  usually  most  abundant  on  sandy  ridges 

and  on  pimple  mounds  in  areas  that  are  otherwise 

wet. 

Stems  grow  about  2  feet  tall  from  bulbUke  corms. 
Leaves  are  gray-green  and  hairless,  Vie  to  V%  inch 
wide.  Lower  leaves  are  up  to  8  inches  long,  but  at 
about  6  inches  above  the  ground,  leaf  length  abruptly 
diminishes  to  about  1  inch.  The  uppermost  leaves  are 
even  shorter— less  than  V*  inch  long. 

Flower  heads,  averaging  V2  inch  long  and  short 
stalked,  are  spaced  about  'A  inch  apart.  Rose-purple 
flowers,  two  to  four  per  head,  are  surrounded  by  a 
loose  whorl  of  stiff,  sharp-pointed  bracts.  The  bracts 
are  green  at  first,  turning  dark  purple  at  flowering. 
They  vary  in  length,  but  the  longest  are  shorter  than 
the  flowers.  The  inflorescence  comprises  about  'A  of 
the  plant  height.  Heads  at  the  summit  begin  matur- 
ing in  midsummer;  flowering  continues  downward, 
with  the  lowermost  heads  maturing  last. 

Young  plants  are  occasionally  grazed  by  cattle,  but 
older  herbage  is  rejected  unless  better  forage  is 

scarce. 

A  similar  but  taller  species,  shortleaf  gayfeather, 
Liatris  tenuifolia  Nutt.,  is  common  on  dry  sandhiUs 
from  Florida  to  South  CaroUna.  Average  height  is  3 
to  4  feet,  but  plants  up  to  6  feet  tall  are  common. 
Stems  of  the  tallest  plants  measure  only  about  '/s 
inch  in  diameter  near  ground  level. 

Range:  Coastal  Plain  of  Texas  and  Louisiana. 

Perennial.  Stems  glabrous,  30-70  cm  tall,  from 
corms;  leaves  Unear,  alternate,  the  lower  1  -  3  mm 
wide,  10  -  18  cm  long,  the  upper  less  than  1  mm  wide 
and  2  cm  long,  ascending,  glabrous  but  obscurely 
white-scurfy;  inflorescence  slender,  spikeUke,  10  -  25 
cm  long;  heads  sparse,  about  1  cm  long,  3-  to  5-flow- 
ered;  bracts  of  mature  flowers  few,  the  inner  6  -  7  mm 
long,  purple,  stiff,  acuminate,  not  scarious-margined 
nor  petaloid;  flowers,  including  the  mature  achene, 
about  10  mm  long,  exceeding  the  bracts;  corolla 
equaling  the  plumose  pappus,  rose-magenta. 

Pinkscale   Gayfeather— Lmms  elegans  (Walt.) 

Michx. 

This  gayfeather  usually  grows  2  to  3  feet  tall.  It 
flowers  m  late  summer  or  fall,  and  the  pink  or  rose- 
colored  floral  bracts  provide  color  long  after  flowers 
have  withered. 

Lower  leaves  are  generally  less  than  6  inches  long 
and  up  to  %  inch  wide.  Leaf  size  gradually  diminishes 
up  the  stalk.  The  upper  leaves  point  downward  at 
about  45°. 
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The  inflorescence  is  4  to  6  inches  long  and  about  1 
inch  in  diameter.  Sometimes,  however,  stalks  of  the 
lower  heads  elongate,  producing  a  cone-shaped  inflo- 
rescence. Color  is  provided  mostly  by  the  floral 
bracts,  which  extend  beyond  the  flowers,  obscuring 
the  petals.  These  colorful  bracts  and  the  downward 
pointing  leaves  are  reUable  distinguishing  character- 
istics of  pinkscale  gayfeather.  The  inflorescence  is 
less  densely  flowered  than  that  of  Kansas  gayfeather, 
but  denser  than  in  slender  gayfeather.  Floral  bracts 
(except  the  tips)  and  stems  are  loosely  coated  with 
short,  stiff,  white  hairs. 

Although  cattle  may  occasionally  graze  young 
growth,  pinkscale  gayfeather  is  not  a  valuable  forage 
plant.  Deer  eat  the  foUage  in  spring  and  summer. 

Range:  Texas  and  Oklahoma  to  Florida  and  South 
Carolina. 


Perennial.  Stems  30-100  cm  tall,  pubescent,  leafy, 
unbranched,  from  corm;  leaves  Unear-spatulate  to 
lanceolate,  alternate,  sessile,  punctate,  acute;  basal 
leaves  ascending,  to  12  cm  long  and  7  mm  wide;  upper 
leaves  decurrent,  diminishing  in  length  to  1  cm 
among  the  heads;  inflorescence  10  -  40  cm  long,  3  -  6 
cm  broad,  cyUndrical,  spikehke,  with  many  elongate 
sessile  heads,  or  pedicellate  heads  on  short,  branched 
peduncles;  heads  slender,  1.5-2.5  cm  long;  tubulai 
flowers,  white  to  lavender,  three  to  five  per  head, 
9-11  mm  long;  involucral  bracts  in  several  series, 
the  outer  green,  punctate,  pubescent,  various  lengths, 
the  inner  10-18  mm  long,  2-3  mm  wide,  green, 
punctate  and  pubescent  below,  with  rose-magenta  tc  i 
white,  serrulate,  petaloid  tips;  achenes  4-6  mm  long 
cylindrical,  pointed,  ribbed,  pubescent;  pappus  long 
plumose,  9-11  mm  long. 


Florida  Gayfeather— Liams  garberi  A.  Gray 

Florida  gayfeather,  a  slender,  erect  perennial  6  t(' 
24  inches  taU,  occurs  only  in  peninsular  Florida.  It  li^ 
most  common  on  open  to  moderately  stocked  pm. 
stands  or  sandy  flatwoods  soUs  in  the  pine-wu-egrasi 
type  It  is  similar  to  other  gayfeathers  in  its  rose-pur 
pie  spike  of  flowers  but  is  unique  in  havmg  flesh; 
roots  rather  than  a  bulbUke  base  found  in  most  othe 

^^CaUle^^aze  new  growth  in  spring  and  early  sui 
mer  and  deer  eat  the  leaves.  Like  other  gayfeathers, 
is  not  abundant  enough  to  be  considered  a  valuablj 

forage  plant.  ,     t^i      jo 

Range:  Central  and  southern  pemnsular  Florida. 

Perennial.  Stems  erect,  20  -  50  cm  tall,  hirsute;  leav. 
Unear,  at  base  of  plant  10-30  cm  long,  abrupt 
reduced  upward,  those  of  upper  stalk  less  than  1  c 


long,  ascending;  inflorescence  a  spicate  raceme;  heads 
10-12  mm  long,  8-  to  10-flowered,  involucral  bracts 
broadly  elliptic,  ciliate,  and  mucronate;  corolla  rose 
purple,  tube  6-8  mm  long,  glandular-punctate;  pap- 
pus tan,  bristles  barbellate,  as  long  as  the  corolla 
tube;  achene  2-3  mm  long,  ribbed,  pubescent. 


Kansas  Gayfeather — Liatris  pycnostachya  Michx. 

This  large  gayfeather  is  found  only  in  the  western 
end  of  the  southern  pine  belt,  on  the  edge  of  its  pre- 
ferred prairie  habitat.  Plants  may  reach  5  feet  in 
height,  growing  mainly  on  well-drained  sandy  soils  in 
forest  openings.  A  striking  plant,  it  is  planted  as  an 
orn£UTjental  in  the  northeastern  states. 

Plants  are  hairy  throughout.  Lower  leaves,  up  to  a 
foot  long  and  H  inch  wide,  generally  droop.  Leaf  size 
gradually  diminishes  up  the  stem,  the  smaller  upper 
leaves  pointing  stiffly  skyward. 

The  dense,  spikelike  inflorescences  are  6  inches  to  a 
foot  long.  Heads  are  about  Vt.  inch  long,  with  5  to  1 2 
flowers  per  head.  Floral  bracts  are  numerous;  their 
tips,  which  curl  away  from  the  head,  are  purple 
tinged. 

Cattle  graze  Kansas  gayfeather  sparingly.  Deer 
eat  spring  and  summer  foliage. 

Range:  Texas  and  Louisiana  to  South  Dakota  and 
Indiana. 


Perennial.  Stems  several,  60-120  cm  tall,  stiff,  hir- 
sute, from  corm;  leaves  10-30  cm  long,  alternate, 
4-10  mm  wide  below,  mostly  ascending,  much 
reduced  above,  pubescent,  punctate;  inflorescence 
15-30  cm  long,  about  2  cm  wide,  cylindrical,  spike- 
like; heads  5-  to  12-flowered,  about  1  cm  long,  cyUndr- 
ical,  sessile;  flowers  10-11  mm  long,  rose  magenta; 
involucral  bracts  in  several  series,  green  or  purpUsh, 
pubescent,  lanceolate-acuminate,  the  acute  tips 
squarrose,  reflexed  or  spreading ;  achene  4-6  mm 
long,  ribbed,  pubescent;  pappus  with  barbellate  bris- 
tles. 


Spike  Gayfeather— Lmms  spicata  (L.)  Willd.  var. 

spicata 

This  gayfeather  is  common  on  moist  or  mairshy 
sites  throughout  most  of  the  eastern  United  States. 
It  extends  into  the  mountains  of  West  Virginia  and 
Tennessee.  As  the  name  indicates,  flowers  are  in  a 
fairly  dense  spike  terminating  a  stalk  2  to  6  feet  tall. 
Stems  of  the  largest  plants  may  be  Va  inch  in  diame- 
ter. 

As  with  other  gayfeathers,  the  main  value  of  this 
plant  is  in  the  beauty  of  its  spike  of  lavender  flowers. 
Early  leaves  and  immature  flower  stalks  may  be 
grazed  by  livestock  or  deer,  but  after  flowers  form, 
plants  are  not  eaten. 

Although  most  gayfeathers  are  superficially  simi- 
lar, spike  gayfeather  can  usually  be  distinguished  by 
its  large  size  and  hairless  stems  and  leaves.  Roots- 
tocks  are  round  in  young  plants  but  develop  into  elon- 
gated taprootlike  masses  in  older  plants  that  can  be 
separated  for  vegetative  propagation.  Basal  leaves 
are  long  and  narrow,  and  remnants  form  a  fibrous 
tuft  at  the  base  of  mature  plants. 

Typical  spike  gayfeather,  with  thick  stems  and 
dense  spikes,  is  found  in  the  northern  portion  of  the 
range  and  around  bays  and  lakes  in  the  southern 
Appalachians;  the  more  slender  vEiriety,  Liatris  spi- 
cata var.  resinosa  (Nutt.)  Gaiser,  with  a  loosely  spi- 
cate inflorescence,  is  most  common  on  Coastal  Plains 
pinelands. 

Range:  East  of  the  Mississippi  River,  from  the 
Gulf  of  Mexico  to  Ontario  and  New  York. 


Perennial.  Stems  stiffly  erect  to  2  m  tall,  from  a  thick 
round  or  elongated  rootstock,  glabrous  or  rarely  hir- 
sute; leaves  numerous,  lineeu-  or  Hnear-lanceolate, 
based  10-40  cm  long,  5-20  mm  wide,  graduedly 
shorter  up  the  stem;  inflorescence  a  spike  30  -  70  cm 
long;  heads  subcylindrical,  4-  to  18-flowered,  8-15 
mm  long  and  5-10  mm  thick  when  flowering,  phyl- 
laries  appressed,  mostly  obtuse  but  sometimes 
slightly  acuminate,  with  narrow  scarious  margins 
turning  purplish  at  flowering;  achene  4-7  mm  long; 
pappus  5-7  mm  long,  barbellate,  setose. 
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Rough  Coneflower — Rudbeckia  grandiflora  wax.  alismatifolia  (T.  &.  G.)  Cronq. 


Rough  coneflower,  or  plantainleaf  coneflower,  as 
veiriety  alismatifolia  is  also  called,  is  a  perennial  with 
thick,  fleshy  rootstocks,  common  on  well-drained 
Coastal  Plains  pinelands  west  of  the  Mississippi 
River.  Mature  plants  are  16  inches  to  more  than  3^/2 
feet  in  height. 

FoUage  is  useful  in  identifying  the  species  before 
flowering.  Basal  leaves  are  paddle  shaped,  resembling 
leaves  of  water-plantain  (Alisma  spp.).  In  large  speci- 
mens, petioles  may  reach  10  inches,  with  blades  5 
inches  long  and  2  inches  wide.  Leaf  size  diminishes  up 
the  stem.  Blade  margins  are  sparingly  toothed  or 
wavy.  Often  the  upper  half  of  the  plant  is  leafless. 

The  name  "coneflower"  refers  to  the  prominent, 
cone-shaped  central  disk  of  brownish-purple  flowers, 
averaging  %  inch  in  diameter.  Yellow  ray  flowers,  10 
to  15  per  head  and  an  inch  or  more  long,  droop  from 
the  base  of  the  cone.  They  fall  when  the  head  is 
mature,  leaving  the  persistent  cone  and  its  subtend- 
ing bracts. 

Typical  rough  coneflower,  Rudbeckia  grandiflora 
(Sweet)  DC.  var.  grandiflora,  whose  stems  and  foUage 
are  hairier  then  those  of  var.  alismatifolia,  has  a  more 
nothern  range,  Eilthough  the  species  is  restricted  to  an 
area  west  of  the  Mississippi  River  from  east  Texas 
and  Louisiana  to  Missouri.  A  small  and  highly  vari- 
able coneflower,  common  southwide,  is  black-eyed- 
susan,  R.  hirta  L.  It  is  distinguishable  from  rough 
coneflower  by  its  basal  leaves,  which  are  usually  2  to 
3  inches  long  and  lance  shaped. 

Pale  echinacea,  Echinacea  pallida  (Nutt.)  Nutt.,  a 
close  relative  of  the  coneflowers,  with  pink  to  purple 
ray  flowers,  is  common  on  sandy  pinelands  of  Arkan- 
sas and  western  Louisiana. 

Range:  East  Texas  to  central  Arkansas  and  Louis- 
iana. 


Perennial.  Stems  50-90  cm  tall,  from  a  woody  rhi- 
zome, usually  simple,  slender,  glabrous  to  slightly 
scabrous  above;  basal  leaves  long-petioled,  the  blade 
5-12  cm  long,  3-  to  5-ribbed,  scabrous,  punctate; 
upper  leaves  similar,  but  smaller  and  sessile,  alter- 
nate; heads  3-5  cm  broad  (rays  reflexed),  radiate,  sol- 
itary on  elongate,  leafless  peduncles;  involucral 
bracts  linear,  reflexed,  scabrous;  disks  1.5-2  cm 
broad,  d£irk  brownish  purple,  subglobose;  disk  flow- 
ers on  a  coniced,  chaffy  receptacle,  8-9  mm  long,  fer- 
tile, duU  purple-black  tipped,  petals  reflexed,  stigmas 
bright  yeUow;  chaff  4-5  mm  long,  enclosing  the  disk 
flower;  rays  10  to  15,  3-4  cm  long,  neuter,  yellow; 
achene  about  5  mm  long,  4-angled;  pappus  a  crown  of 
uneven,  deltoid  teeth. 
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Slender  Rosinweed — Silphium  gracile  Gray 


The  rosinweeds,  like  the  sunflowers,  have  yellow 
flower  heads  and  rough  leaves  eind  stems.  Most  have 
several  series  of  broad  greenish  bracts  at  the  base  of 
each  flower  head,  making  the  heads  denser  than  those 
of  most  sunflowers  and  other  composites. 

Slender  rosinweed  is  found  in  sandy  or  gravelly 
soils  of  the  Gulf  Coastjd  Plain.  Flowering  plants  are 
from  less  than  2  feet  to  over  4  feet  tall.  Flower  heads 
are  about  2  inches  broad  with  ovate  bracts.  Stems 
and  leaves  are  rough  with  bristly  hairs.  Bracts  of  the 
flower  heads  are  hairless  except  for  a  fringe  of  short 
bristles  around  the  outer  margins.  Basal  emd  lowest 
stem  leaves  are  eUiptical  or  lance  shaped  with  definite 
petioles;  upper  stem  leaves  are  gradutdly  reduced  in 
length,  ovate,  and  sessile.  Lower  stem  leaves  are 
often  opposite  and  upper  leaves  are  alternate,  but  leaf 
Eirrangement  is  appgirently  variable. 

Immature  flower  stalks  of  slender  rosinweed  eire 
eaten  by  cattle  in  the  spring.  Although  fairly  common 
on  sandy  pinelands,  it  is  seldom  abundant. 

Other  rosinweeds  common  through  most  of  the 
South  include  compassplant,  Silphium  laciniatum  L., 
which  has  deeply  pinnately  divided  based  leaves; 
wholeleaf  rosinweed,  S.  integri folium  Michx.,  with 
opposite,  entire,  stem  leaves;  emd  sand  rosinweed,  S. 
asteriscus  L.,  which  has  alternate  or  opposite  leaves. 
Silphium  compositum  ssp.  ovatifolium  (T.  &  G.) 
Sween.  &  T.  R.  Fisher  is  common  on  southeastern 
sandy  pinelands  emd  flatwoods.  The  large  basal 
leaves  have  long  petioles,  are  ovate  in  outUne,  £md 
may  be  coarsely  serrate  or  deeply  cleft. 

Range:  Coastal  Plain,  Texas  to  Alabama. 


Perennial.  Stems  30  -  90  cm  tall  from  a  woody  base, 
scabrous  to  spreading-pubescent;  leaves  near  base 
petiolate,  elliptic-lanceolate,  10-30  cm  long,  5-10 
cm  wide,  entire  to  remotely  dentate-serrate  or  lacer- 
ate; upper  leaves  sessile,  gradually  reduced  up  the 
stem  to  remotely  eilternate  bracts;  heads  at  anthesis 
3-5  cm  wide,  soliteiry  and  terminal  at  tip  of  stalk  or 
at  end  of  few  inflorescence  branches;  involucral 
bracts  ovate  to  orbiculzir-ovate,  glabrous  except  for 
ciliate  margins;  ray  flowers  yellow,  fertile,  rays  1-3 
zm  long;  disk  flowers  dark  purple  or  brown,  sterile; 
achenes  about  1  cm  long,  orbicular-oval,  broadly 
ivinged  with  notch  at  apex,  glabrous. 
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Shiny  Goldenrod — SoUdago  nitida  T.  &  G. 


Shiny  goldenrod  inhabits  dry  upland  sites,  both 
open  and  timbered.  Stems  arise  from  rootstocks  to  a 
height  of  2  to  2V2  feet.  The  inflorescence,  though  yel- 
low flowered  and  late  blooming,  is  flat-topped  rather 
than  conical,  making  mature  plants  easy  to  distin- 
guish from  those  of  most  other  goldenrods.  The  alter- 
nate leaves  are  simileir  in  texture  and  venation  to 
those  of  fragrant  goldenrod  but  much  larger.  Lower 
leaves  are  4  to  5  inches  long,  and  occasionally  up  to  12 
inches  long.  The  leaves  decrease  in  size  going  up  the 
stem,  with  those  subtending  the  inflorescence  only  1 
to  2  inches  long.  Blades  are  neirrowly  lance  shaped 
and  entire,  except  for  sparse,  obscure  teeth  on  the 
lower  leaves.  Width  ranges  from  about  H  inch  in  the 
lower  leaves  to  Vie  inch  in  the  uppermost.  Thin, 
almost  imperceptible  hairs  coat  the  upper  stem  and 
inflorescence  branches;  otherwise,  plants  are  hairless. 

Flower  heads,  about  Va  inch  long,  are  much  larger 
than  those  of  most  goldenrods.  Each  flower  produces 
an  achene  about  Vie  inch  long. 

Slimhead  goldenrod,  Euthamia  leptocephala  (T.  & 
G.)  Greene  (SoUdago  leptocephala  T.  &  G.),  is  a  simi- 
lar plant  found  on  a  veiriety  of  sites  throughout  the 
Southeast.  Like  shiny  goldenrod,  it  is  practically  hair- 
less, with  a  flat-topped  inflorescence  and  lustrous 
leaves.  Lower  leaves  are  only  about  half  as  long  as 
those  of  shiny  goldenrod,  and  length  reduction  in 
upper  leaves  is  less  pronounced. 

Range:  Texas,  Oklahoma,  and  Louisiana. 


Perennied.  Stems  40  -  90  cm  teJl,  smooth  and  gla- 
brous below  inflorescence,  striate-ribbed;  leaves 
numerous,  alternate,  entire,  or  obscurely  serrate,  cor- 
iaceous, glabrous  and  somewhat  lustrous,  Unear  or 
narrowly  linear-elliptic,  lower  leaves  7-30  cm  long 
and  5-10  mm  wide,  gradually  reduced  going  up  the 
stem  to  3  -  5  cm  long  below  inflorescences,  1-2  cm 
long  in  inflorescence  branches;  inflorescence  corym- 
bose with  finely  pubescent  branches;  heads  6-8  mm 
long,  narrowly  campanulate,  7-  to  12-flowered,  bracts 
obtuse,  scarious-margined,  yellowish;  ray  flowers 
three  to  four  per  head,  pistillate,  yellow;  disk  flowers 
perfect,  yellowish;  achene  glabrous,  10-ribbed,  about 
1.5  mm  long. 
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Fragrant  Goldenrod — Solidago  odora  Ait. 


Fragrant  goldenrod  is  the  most  common  goldenrod 
on  southern  pine  range.  It  is  named  for  the  spicy, 
anisehke  fragrance  of  the  crushed  leaves.  This  charac- 
ter is  not  dependable,  however,  as  some  plants  emit 
little  or  no  odor. 

Fragrant  goldenrod  grows  mainly  on  dry  sandy 
sites,  especially  in  cutover  timberlands,  pastures,  and 
abandoned  fields.  Where  competition  is  hght,  plants 
may  reach  a  height  of  5  feet.  In  dense  grass,  height 
rarely  exceeds  2  feet.  Stems,  arising  from  thick  root- 
stocks,  Eire  hairless  and  usually  reddish  brown.  The 
hairless,  lance-shaped  leaves  are  up  to  4  inches  long 
and  '/2  inch  wide.  They  generally  point  downward, 
Emd  those  of  the  upper  stem  are  greatly  reduced. 
Heads  of  the  golden-yellow  flowers  are  less  than  Va 
inch  long  and  about  Vie  inch  wide. 

Although  cattle  occasionedly  graze  young  growth, 
fragrant  goldenrod  is  not  a  valuable  forage  plant. 
Deer  eat  the  immature  inflorescences  as  well  as  the 
young  shoots.  Goldenrods  are  best  known  for  the  suf- 
fering they  cause  in  the  fsdl  among  persons  prone  to 
hay  fever. 

Tall  goldenrod,  Solidago  altissima  L.  (S.  canaden- 
sis var.  scabra  (Muhl.)  T.  &  G.)  is  a  common  roadside 
weed  throughout  the  Gulf  Coastal  Plain.  Also  com- 
mon throughout  the  South  is  wrinkled  goldenrod,  S. 
rugosa  Miller.  Its  inflorescence  is  very  similar  to  that 
of  fragrant  goldenrod,  but  its  leaves  are  ovate  and 
have  prominent  veins  that  lend  a  wrinkled  appear- 
ance to  the  blades.  Rough  goldenrod,  S.  radula  Nutt., 
occurs  on  prairies,  open  rocky  plains,  and  dry  woods, 
especially  in  calcareous  soils,  from  central  and  east 
Texas  to  Illinois  and  occasionally  in  Louisiana. 
Leaves  are  obovate  to  elliptic-obovate,  1 V2  to  2  inches 
long  at  midstem,  and  stems  and  leaves  are  rough  with 
microscopic  barbs.  The  inflorescence  is  similar  to  that 
of  fragrant  goldenrod.  It  is  reported  to  be  good  deer 
forage. 

Range:  Eastern  Texas  and  eastern  Oklahoma  to 
Florida,  extending  north  to  southern  Ohio,  Vermont, 
and  New  Hampshire. 


Perennial.  Stems  50-150  cm  tall,  glabrous  or  pilose 
in  lines;  leaves  simple,  alternate,  entire  or  spairsely 
serrate,  glabrous  except  for  ciliolate  or  scabrous  mar- 
gins, linear-lanceolate,  reticulate- veined,  4-16  cm 
long,  5-15  mm  wide,  graduzdly  reduced  up  the  stem; 
inflorescence  variable,  but  usually  a  coniced  painicle  of 
aumerous  racemes;  racemes  bracteolate;  heads 
secund  along  upper  side  of  raceme,  6-  to  8-flowered, 
1.0-4.5  mm  long,  bracts  greenish  yellow,  2.3  mm 
ong;  flowers  with  both  tubular  and  ligulate  corollas, 
•ays  yellow,  conspicuous;  achene  setose. 


WRINKLED   GOLDENROD 
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Vanilla  Trilisa — Trilisa  odoratissima  (Walt,  ex  J.  F.  Gmel.)  Cass— (Carphephorus  odoratissimus  (Walt,  ex  J. 
F.  Gmel.)  Hebert) 


This  plant,  perhaps  better  known  as  deers-tongue, 
is  an  erect,  stout  perennial  growing  2  to  5  feet  taU  on 
low  open  pine  forests  east  of  the  Mississippi  River. 
Its  stems  and  leaves  are  hairless  and  its  purple  flow- 
ers are  in  a  flat-topped  terminal  cluster.  Although  the 
leaves  have  the  scent  of  vanilla,  the  plant  is  not  the 
source  of  true  vaniUa.  The  leaves  contain  coumarin 
which  is  used  as  a  flavoring  agent  in  tobacco  and  var- 
ious medicinal  compounds.  Vanilla  trilisa  is  nutri- 
trious  and  palatable  to  Uvestock  during  spring  £ind 
early  summer.  In  south  Georgia  grazing  trials,  it  was 
relatively  high  in  protein  and  phosphorus  content 
during  the  spring  and  higher  in  calcium  thsui  any  of 
the  grasses.  Hairy  trihsa,  Trilisa  paniculata  (Walt,  ex 
J.  F.  Gmel.)  Cass.,  occurs  throughout  the  range  of 
vanilla  trilisa,  but  has  a  more  compact  purple-flow- 
ered inflorescence  and  is  hairy  throughout.  The  trili- 
sas  are  most  abundant  on  the  sandy  pine  flatwoods 
sites  of  Florida  and  Georgia,  but  are  not  abundant 
enough  to  contribute  more  than  a  minor  part  of  the 
cattle  diet. 

Range:  Southeastern  Louisiana  to  Florida  and 
North  Carolina. 


Perennial.  Stems  80-200  cm  tall,  glabrous;  basal 
leaves  elliptic  to  oblanceolate,  1.0  -  3.5  dm  long,  2-7 
cm  wide,  obtuse,  crenate  to  entire,  base  attenuate; 
stem  leaves  alternate,  usually  fewer  than  30,  ovate  to 
elliptic,  half  clasping;  heads  in  corymbs,  the  lateral 
branches  usually  overtopping  the  terminal;  corollas 
rose  purple,  4-5  mm  long;  pappus  tawny  to  purpUsh, 
3-4  mm  long;  achene  about  2  mm  long,  10-ribbed, 
dark  brown  or  black. 
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Texas  Ironweed — Vemonia  texana  (Gray)  Small 


Several  ironweeds  occur  across  the  southern 
states.  The  most  common  are  robust  showy  weeds 
with  purple  flowers  growing  in  roadside  ditches  and 
other  disturbed  moist  habitats.  Texas  ironweed  is  not 
usueilly  robust  and  is  apparently  the  only  narrow- 
leaved  ironweed  on  well-drained  southern  pine  sites 
west  of  the  Mississippi  River.  Eeirly  leaves  resemble 
those  of  swamp  sunflower,  with  which  it  is  often  con- 
fused. Stems  of  ironweed  are  glabrous;  those  of 
swamp  sunflower  are  hedry.  Also,  ironweed  flowers  by 
midsummer;  swamp  sunflower  does  not  bloom  until 
fall.  While  the  l£irger,  weedy  ironweeds  are  undersira- 
ble  as  Uvestock  forage,  Texas  ironweed  may  be 
grazed  occasionally  by  cattle  and  deer  in  the  spring. 
However,  the  plant  seldom  occurs  in  abundance. 

Pinebarrens  ironweed,  Vemonia  angustifolia 
Michx.,  occurs  on  samdy  weU-drained  pine  sites  from 
southeast  Mississippi  to  North  Carolina.  Three  varie- 
ties of  pinebetrrens  ironweed  are  recognized,  based 
mainly  on  the  shape  of  the  floral  bract  tips.  Both 
Texas  and  pinebarrens  ironweeds  hybridize  with  sev- 
eral other  species  of  Vemonia. 

Range:  Texas  and  Oklahoma  to  southwest  Missis- 
sippi and  southwest  Arkansas. 


Perennial.  Stems  erect,  40-100  cm  tall,  glabrate  to 
puberulent;  leaves  cauline,  scattered,  linear  to  Uneeir- 
lanceolate,  6-13  cm  long,  0.2  - 1.4  cm  broad,  acute, 
remotely  serrate  (sometimes  prominently  toothed), 
attenuate  to  a  short  petiole,  scabrous  above,  scabrous 
to  puberulent  beneath,  margins  revolute;  infloresc- 
lence  loose  and  open;  heads  15-  to  25-flowered,  involu- 
cre broadly  campanulate,  4-6  mm  high,  5-7  mm 
wide;  phyllaries  imbricate,  greenish  purple,  ciliate, 
tips  acute  to  short-acuminate;  pappus  brownish  to 
straw  colored,  often  tinged  with  purple;  corollas 
9-11  mm  long;  achenes  1.5-3.0  mm  long. 
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Miscellaneous  Forbs 

Although  the  most  abundant  and  important  forbs 
on  southern  forest  remge  are  in  the  composite  and 
legume  feunilies,  many  other  families  are  represented. 
These  miscellaneous  forbs  vary  in  size,  form,  appear- 
ance, and  habitat.  They  range  from  insectivorous 
sundews,  Drosera  spp.,  scarcely  larger  them  a  dime,  to 
the  robust  pokeweed,  with  specimens  occasionally 
attaining  10  feet.  Some— such  as  butterfly  milkweed 
—have  brillieintly  colored  flowers,  while  mzmy  are 
drab  and  inconspicuous.  Numerous  species  inhabit 
only  open  land;  others  tolerate  heavy  shade. 


Few  Eire  important  as  forage  for  cattle;  the  major 
ity  rarely  grow  in  quantity.  Many  contribute  to  i 
diversity  of  food  plants  for  deer  and  other  wildlife 
especially  birds.  All  are  fire  tolerant  and  most  o: 
those  that  compete  successfully  on  undisturbec 
native  range  are  perennials.  Descriptions  of  several  o 
the  most  common  follow.  Southern  bracken,  thougl 
not  a  flowering  plant,  is  included  in  this  g^oup. 
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Slender  Copperleaf — Acalypha  gracilens  Gray 

The  copperleafs,  also  known  as  three-seeded  mer- 
curies, are  annuals  of  the  spurge  family  (Euphorbi- 
aceae).  Slender  copperleaf  occurs  throughout  most  of 
the  eastern  United  States.  Like  most  Einnuals,  it 
attains  greater  abundemce  and  larger  plant  size  on 
sites  with  little  or  no  competition  from  perennial 
plaints.  Plants  on  undisturbed  sites  may  have  simple 
stems  no  more  than  6  inches  tall,  while  on  firelines, 
roadsides,  and  other  relatively  bare  sites,  plant 
height  may  reach  2  feet,  and  stems  may  have  many 
lateral  breinches. 

A  distinguishing  characteristic  of  slender  copper- 
leaf,  and  copperleafs  generally,  is  the  peculiar  leaf-like 
pistillate  flower  bracts  in  the  axil  of  almost  every  leaf 
on  the  plant.  Sepeirate  male  and  female  flowers  are 
produced,  with  the  female  flowers  at  the  base  of  a 
spike  of  male  flowers.  The  coarsely  toothed  bract  con- 
ceals the  female  flowers  and  the  three-seeded  fruit  it 
produces.  Male  flower  spikes  protrude  from  the  bract 
and  may  be  as  long  as  half  the  length  of  the  sub- 
tended leaf.  Leirgest  leaves  are  about  1 V2  inches  long 
£ind  less  than  Va  inch  wide,  with  petioles  less  than  one- 
fourth  the  length  of  the  blades. 

Under  average  remge  conditions,  slender  copper- 
leaf  produces  little  herbage  euid  is  not  considered  val- 
uable as  livestock  forage,  edthough  it  is  a  high-use 
deer  food  plant.  Seeds  £ire  eaten  by  doves,  quail,  and 
other  birds,  but  it  is  not  considered  an  important 
wildlife  food  pleint  except  on  disturbed  areas  where 
slender  copperleaf  plants  are  abundant  and  well 
developed. 

Other  southern  copperleafs  include  Virginia  cop- 
perleaf, Acalypha  virginica  L.,  a  common  agricultural 
weed  that  looks  like  slender  copperleaf  but  has 
petioles  one-fourth  to  one-half  the  length  of  the  leaf 
blades,  and  hophombean  copperleaf,  A.  os try i folia 
Riddell,  which  has  staminate  flowers  in  leaf  axils  and 
pistillate  flowers  in  terminal  spikes.  Both  may  reach 
iy2  feet  in  height  and  have  finely  toothed  leaf  mar- 
gins. 

Range:  Texas  to  Florida,  extending  north  to  Wis- 
consin, Indiana,  and  New  Hampshire. 


Annual.  Stems  to  80  cm  tall,  simple  or  branched,  with 
short  ascending-appressed  pubescence;  leaves  elliptic 
to  elliptic-lanceolate,  2  -  6  cm  long,  0.5  -  2.0  cm  wide, 
petioles  of  principal  leaves  0.4  -  1.5  cm  long;  flowers 
in  axillary  spikes  with  one  to  five  pistillate  flowers 
near  the  base,  and  staminate  flowers  above;  pistillate 
bracts  with  5  to  13  triangular  teeth;  capsule  about  2 
mm  in  diameter,  3-seeded,  pubescent;  seeds  reddish 
to  black,  ovoid,  1.2-1.8  mm  long. 
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Purple  Gerardia — A galinis  purpurea  (L.)  Penne\l—(Gerardia  purpurea  L. 


The  large  pink  to  rose-purple  flowers  of  purple  ger- 
ardia add  color  variation  to  the  dominant  yellows  of 
the  fall-blooming  sunflowers  on  open  sandy  pine- 
lands.  The  showy  flowers  alone  m£ike  the  gerardias 
noteworthy  on  southern  pine  ranges.  Several  species 
of  Agalinis  occur  throughout  the  South,  but  none 
exceed  purple  gerardia  in  general  abundance.  The 
gerardias,  along  with  many  other  plants  of  the  fig- 
wort  family  (Scrophulariaceae),  are  parasitic  on  the 
roots  of  various  plants. 

With  the  exception  of  perennial  gerardia,  A.  tenui- 
folia  (Vahl.)  Raf.,  which  has  slender  rhizomes,  all  ger- 
ardias are  slender  annuals  with  narrow,  opposite 
leaves.  Seed  are  minute  and  not  important  as  wildhfe 
food;  forage  value  for  deer  and  livestock  is  poor. 

Range:  Texas  to  Florida,  extending  north  to 
Nebraska,  Minnesota,  and  southern  New  England. 


Annual.  Steins  puberulent  or  scabridulous,  striate- 
angled,  40-120  cm  t£ill,  profusely  branched  from 
upper  one-half  to  two-thirds,  the  branches  spreading; 
leaves  opposite,  linear  to  narrowly  linear-lanceolate, 
1-4  cm  long,  0.5-2.0  mm  wide,  hispidulous  above; 
flowers  in  axils  of  upper  leaves,  forming  indistinct 
racemes;  pedicels  1-4  mm  long,  usually  shorter  than 
the  calyx  tube;  calyx  tube  3-4  mm  long,  truncate  or 
nearly  so,  the  lobes  reduced  to  minute  subulate  teeth 
0.3-2.0  mm  long;  corolla  1.8-3.8  cm  long,  puberu- 
lent, the  throat  lined  with  yellow,  spotted  with  pur- 
ple, lanose  at  the  base  of  the  two  upper  corolla  lobes; 
capsule  subglobose,  4-6  mm  in  diameter. 


^«n      r^^&^ 

f 

^^ 

^  U  1 
lOcm           M^^^ 

yi\^ 

Habit 

120 


Butterfly  Milkweed — Asclepias  tuberosa  L. 


The  bright  orange  flowers  of  this  milkweed  seem 
out  of  place  on  the  dry  sandy  sites  it  inhabits.  The 
color  is  not  common  among  native  plants,  and  butter- 
fly milkweed  is  often  transplanted  to  home  flower 
gardens.  Flower  color  varies  from  red  to  yellow, 
leaves  are  alternately  arranged,  and  the  plant  does 
not  contain  the  milky  sap  generally  common  to  milk- 
weeds. Leaves  are  numerous,  from  IV2  to  4  inches 
long  and  '/«  to  1  inch  wide,  and  stems  and  leaves  are 
coated  with  white  hair. 

Red  milkweed,  Asclepias  lanceolata  Walt.,  may 
have  flowers  of  similar  color,  but  it  grows  on  wet 
sites.  About  a  dozen  milkweeds  have  southwide  dis- 
tribution, but  none  are  generally  abundant.  Other 
common  milkweeds  include:  sandhill  milkweed,  A. 
\  humistrata  Walt.,  on  sandhills  and  in  dry  woods;  spi- 
der milkweed,  A.  viridis  Walt.,  and  green  milkweed, 
A.  obovata  EU.,  with  greenish  flowers  on  dry  sites; 
white  milkweed,  A.  variegata  L.,  with  white  flowers; 
and  broadleaf  milkweed,  A.  latifolia  (Torr.)  Raf., 
which  occurs  in  open  upland  woods. 

Like  other  milkweeds,  butterfly  milkweed  is  poi- 
sonous to  Uvestock,  although  it  is  seldom  abundant 
enough  to  be  considered  a  hazard.  The  plant  has  been 
used  in  Appalachia  to  treat  rheumatism  and  as  an 
emetic.  Colloquial  names  include  "swallow- wort," 
"pleurisy-root,"  and  "chigger-weed." 
I  Range:  Arizona  to  Texas  and  Florida,  extending 
north  to  Colorado,  Nebraska,  and  Minnesota. 


Perennial.  Stems  20-80  cm  tall,  stout,  usually  soli- 
tary from  a  thick  root  crown,  branching  from  the 
apper  nodes,  hirsute  to  hispid,  sap  not  milky;  leaves 
numerous,  alternate,  hnear  to  eUiptic,  obovate,  oblan- 
:eolate,  or  hastate,  4-10  cm  long,  3-25  mm  wide, 
pilose  or  hispid,  especially  beneath;  inflorescence 
consisting  of  terminal  and  eixiUary  hemispherical 
ambels  2-5  cm  broad;  corolla  red  to  yellow,  the  lobes 
"eflexed,  6.5  -  8.0  mm  long;  corona  4-6  mm  in  diame- 
ter, lateral  hood  mzirgins  not  toothed,  horns  shorter 
;han  hoods;  follicles  erect,  8  -  15  cm  long,  1.0  -  1.5  cm 
Droad. 
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Bullnettle — Cnidoscolus  stimulosus  (Michx.)  Engelm.  &  Gray 


One  encounter  with  this  viciously  stinging  plant 
should  provide  an  indelible  mental  picture  of  bullnet- 
tle for  future  recognition.  It  is  found  on  most  deep 
sandy  soils  throughout  the  South,  often  growing  with 
other  members  of  the  spurge  family  (Euphorbiaceae) 
such  as  queensdehght  and  flowering  spurge.  Plant 
height  is  often  less  than  1  foot  in  undisturbed  pine 
understories  but  may  reach  3  feet  or  more  on  fireUnes 
or  other  disturbed  sites. 

Leaves  are  palmately  three-  to  five-lobed  on 
petioles  about  as  long  as  the  blades.  The  entire  plant 
is  covered  with  stinging  hairs.  Flowers  are  produced 
in  branched  clusters  at  the  apex  of  the  main  stem  and 
branch  tips.  Separate  male  and  female  flowers  are 
produced  in  every  cluster  with  each  female  flower 
producing  a  three-seeded  capsule.  Seeds  are  about  Vs 
inch  long  and  are  eaten  by  bobwhite  queiil  and  other 
birds. 

Bullnettle,  known  as  "treadsoftly"  or  "risky  bull- 
nettle"  is  found  east  of  the  Mississippi  River.  West  of 
the  Mississippi  River,  plants  are  referred  to  as  Texas 
bullnettle,  Cnidoscolus  texanus  (Muell.  Arg.)  Small. 
Texas  bullnettle  is  a  coarser,  more  virulent  plant  with 
larger  flowers  and  seeds  them  the  eastern  species.  Its 
rgmge  extends  from  Texas  into  Oklahoma,  southwest 
Arkansas,  and  central  Louisiana.  The  ramges  of  the 
two  species  are  separated  by  the  Mississippi  River 
and  a  gap  of  approximately  150  miles  in  Louisiana. 

Range:  Southeast  Louisiana  to  Florida  and  Vir- 
ginia. 


Perennial.  Stems  much-branched,  40-100  cm  tall, 
about  as  wide  as  tall,  hispid  with  pale  aciculate  sting- 
ing hairs;  leaves  alternate,  blades  suborbicular  in  out- 
line, 6-15  cm  broad,  peilmately  deeply  3-  to  5-lobed, 
hispid  with  stinging  hairs;  petioles  about  equal  to 
their  blades,  hispid;  stipules  inconspicuous,  3-4  mm 
long,  deeply  3-  to  4-toothed;  inflorescences  terminal, 
cymose,  pedunculate,  determinate,  the  central  flower 
usually  pistillate,  the  lateral  staminate;  staminate 
flowers  with  9  to  10  stamens;  pistillate  flowers  with 
single  lobed  stigmas;  calyx  of  both  type  flowers  5- 
lobed,  white,  tube  1  cm  or  less  long;  corolla  absent; 
capsules  3-locular,  oblong,  15-20  mm  long,  hispid; 
seeds  three,  oblong,  9  mm  or  less  in  length,  brown. 
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Woolly  Croton — Croton  capitatus  Michx.  var.  capitatus 


Woolly  croton,  an  annual  of  the  spurge  family,  is 
commonly  found  on  sandy  soils  throughout  the 
South.  It  grows  sparingly  on  grazed  range  unless  the 
range  is  severely  overgrazed.  Plants  are  often  abun- 
dant along  roads  and  other  disturbed  sites. 

Stems  average  2  to  3  feet  tall  but  occasionally 
exceed  6  feet.  The  upper  one-half  to  one-third  is 
branched,  the  branches  ascending  at  45°  or  less. 
Young  plants  are  thickly  coated  throughout  with 
short  brownish  or  dirty-gray  hairs.  Toward  maturity, 
the  lower  stems  shed  this  coating.  Hairs  divide  at  the 
tip  into  8  to  10  radiating  branches.  This  starUke  (stel- 
late) construction  can  be  seen  with  low  magnification. 

Upper  leaves  are  lance  shaped  with  rounded  bases. 
They  are  1  to  3  inches  long  and  blades  are  V^  to  %  inch 
wide.  Petioles  are  one-fourth  to  one-half  the  length  of 
the  blades.  Lower  leaves  Eire  frequently  longer  and 
more  oval  than  the  upper. 

The  camouflaging  effect  of  the  woolly  coating  ren- 
ders flowers  and  fruits  inconspicuous.  Flower  clusters 
are  terminal  or  in  axils  of  upper  leaves.  Each  cluster 
has  a  spike  of  male  flowers  subtended  by  several 
female  flowers.  At  least  one  female  flower  in  each 
cluster  matures  into  a  three-seeded  capsule  about  Va 
inch  in  diameter.  At  maturity,  the  capsule  splits  sud- 
denly, ejecting  seeds  with  much  force.  Seeds  are 
about  ^/i6  inch  long,  oval,  and  shghtly  flattened. 

A  variety  of  woolly  croton,  Croton  capitatus  var. 
lindheimeri  (Englem.  &  Gray)  Muell.  Arg.,  is  also 
common  southwide.  It  is  distinguishable  by  its 
broader  leaves  with  heeirt-shaped  bases  and  petioles 
which  may  be  from  one-half  to  as  long  as  the  blades. 
The  hair  coating  is  reddish  brown— much  brighter 
than  that  of  typical  wooUy  croton. 

Woolly  croton  is  toxic  to  livestock;  other  species 
are  probably  poisonous  also.  The  poisonous  sub- 
stance is  croton  oil,  a  violent  cathartic.  Because  cattle 
usually  reject  woolly  croton,  even  when  better  foods 
are  scairce,  poisoning  is  r£ire.  The  seeds  are  a  choice 
food  for  doves  £ind  quail. 

Other  species  with  wide  distribution  are  one-seed 
croton,  C  monanthogynus  Michx.,  northern  croton, 
C.  glandulosus  var.  septentrionalis  MueU.  Arg.,  and 
silver  croton,  C.  argyranthemus  Michx.  One-seed  cro- 
ton grows  on  calcareous  soils  and  develops  only  one 
seed  per  capsule.  Northern  croton  is  the  only  croton 
with  toothed  leaves.  Silver  croton  is  a  perennial  with 
silvery  scales  on  the  leaves  and  other  plant  parts  and 
is  common  on  loose  sandy  soils  of  the  lower  Gulf 
Coastal  Plain. 

Range:  Texas  to  Georgia,  extending  north  to  Iowa 
and  New  York. 
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Annual.  Stems  erect  to  150  cm  tall,  branched,  thickly 
coated  with  short  brownish,  stellate  pubescence; 
leaves  2.5-7.5  cm  long,  5-20  mm  wide,  petiole 
5-25  mm  long,  simple,  alternate,  entire,  lanceolate, 
tapering  to  sharp  point,  base  rounded;  flowers  in 
compact  terminal  and  axillary  clusters;  staminate 
flowers  in  a  spike  above  pistillate  cluster,  pedicellate 
with  five  sepals,  five  petals,  7-12  stamens;  pistillate 
flowers  sessile,  apetalous,  with  six  to  eight  sepals, 
ovary  3-celled,  each  cell  with  a  style;  fruit  a  globular 
dehiscent  capsule,  about  5  mm  long  and  7  mm  wide; 
seeds  three  per  capsule,  oved  in  outline,  somewhat 
flattened. 
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Rough  Buttonweed — Diodia  teres  Walt. 


Better  known  as  poor-joe,  this  slender  annual  is 
ususdly  present  but  inconspicuous  on  sandy  pine- 
bluestem  range.  In  competition  with  better  range 
plants,  poor-joe  usually  grows  as  scattered  single 
stems  about  4  inches  tall.  On  old  fields,  firelines,  over- 
grazed range,  and  other  disturbed  sites,  plants 
branch  profusely,  often  forming  dense,  low-growing 
colonies  up  to  4  feet  in  diameter.  The  opposite  leaves 
are  narrowly  lanceolate,  about  1  inch  long  and  ^/i6 
inch  wide,  sometimes  folded  and  appearing  linear. 
Small,  tubular,  white  or  pinkish  flowers  are  borne 
singly  in  leaf  axils.  Bristles  arising  from  the  stipules 
between  the  opposite  leaves  provide  a  distinguishing 
characteristic.  The  clusters  of  bristles  persist  after 
fruit  and  leaves  fall. 

On  freshly  burned  range,  cattle  eat  young  plants 
along  with  grass  herbage.  As  pljuits  mature,  palata- 
bility  declines  rapidly.  Deer  eat  the  foliage,  and  tur- 
key, quail,  and  other  birds  eat  the  seeds. 

Several  varieties  of  rough  buttonweed  are  recog- 
nized in  the  Southeast,  based  on  length  of  stipular 
.and  leaf-tip  bristles  and  nature  of  stem  pubescence. 
Virginia  buttonweed,  Diodia  virginiana  L.,  is  a 
spreading  perennial  common  on  poorly  drained  sites. 
Cattle  eat  it  readily,  and  its  prostrate  habit  enables 
plants  to  stand  heavy  grazing.  A  fleshy  taproot 
Eillows  survived  during  drought.  Although  its  flowers 
£ind  fruits  resemble  those  of  rough  buttonweed,  its 
leaves  are  elhptical  with  width  about  one-third  the 
length. 

Range:  Texas  to  Florida,  extending  north  to  Kan- 
sas, Michigan,  and  Connecticut. 


Annual.  Stems  to  30  cm  tall,  pubescent,  simple  or 
branched,  erect  to  spreading;  leaves  simple,  opposite, 
entire,  linear  or  Unear-lanceolate,  1-4  cm  long,  2-3 
mm  wide,  scabrous;  stipules  membranous,  with  mar- 
ginal bristles  longer  than  fruit;  flowers  solitsiry  in 
upper  leaf  axils,  4-merous;  corolla  white  to  pink, 
gamopetalous,  4-5  mm  long,  calyx  about  2  mm  long, 
sepals  acute;  fruit  a  2-  or  rarely  3-locular  capsule  4-5 
mm  long,  individual  carpels  hard  and  indehiscent. 
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Button-Snakeroot — Eryngium  yuccifolium  Michx. 


Button-sn£Lkeroot  is  a  member  of  the  parsley  fam- 
ily (Umbelliferae)  which  includes  carrots,  celery,  and 
parsnips  as  well  as  the  deadly  water-hemlock,  Cicuta 
maculata  L.,  and  poison-hemlock,  Conium  maculatum 
L.  It  is  a  deep-rooted  perennial,  found  in  open  wood- 
\anAs  on  a  wide  range  of  sites,  spreading  by  short 
rootstocks.  Stems  reach  3  feet  in  height. 

Unhke  most  members  of  the  ptirsley  family,  but- 
ton-snakeroot  has  neither  divided  leaves  nor  a  flat- 
topped  inflorescence.  The  parallel-veined  leaves 
resemble  those  of  yucca,  and  the  prickly  flower  heads 
appear  thistlelike.  Basal  leaves  may  reach  18  inches 
in  length,  but  upper  leaves  are  shorter.  Blades,  Vz  to 
1 V2  inches  wide  at  the  base,  taper  gradually  to  a  sharp 
point.  On  early  leaves,  bristles  may  exceed  an  inch  in 
length,  but  on  later  (upper)  leaves,  they  average  less 
than  V-i  inch. 

The  inflorescence  consists  of  round,  many-flowered 
heads,  from  V2  to  more  than  1  inch  in  diameter.  Each 
head  terminates  a  stout  branch  of  the  sparsely 
branched  inflorescence.  Individual  flowers  have  five 
inconspicuous  white,  or  sometimes  bluish,  petals. 
Because  of  sharp  scales  and  harsh,  persistent  styles, 
the  heads  appear  and  feel  bristly.  Dry  inflorescences 
and  leaves  persist  through  the  winter. 

Cattle  graze  the  leaves  before  flower  steilks  emerge, 
but  palatability  declines  sharply  toward  maturity. 
Although  this  species  decreases  under  heavy  use,  it 
rates  only  fair  in  forage  value. 

Although  several  other  Eryngium  species  grow  in 
the  South,  none  has  the  long,  bristled,  parallel-veined 
leaves  of  button-snakeroot.  Simpleleaf  eryngo,  E. 
integrifolium  Walt.,  is  a  wet-site  species  with  short, 
narrow,  toothed  leaves  and  blue  flowers.  Another 
common  blue-flowered  species,  creeping  eryngo,  E. 
prostratum  Nutt.  ex  DC,  is  a  low  plant  of  moist  sites, 
with  toothed,  ovate  leaves  on  petioles  about  as  long 
as  the  blades. 

Range:  Texas  to  Florida,  extending  north  to  Kan- 
sas, Minnesota,  and  New  Jersey. 


Perennial.  Stems  30  -  100  cm  tall,  stiffly  erect  and 
solitary  from  woody  root  crown,  glabrous;  leaves  lin- 
e£ir,  parallel-veined,  stiff,  with  one  to  three  lineeir 
spines  at  regularly  spaced  intervals  along  each  mar- 
gin; basal  blades  1 5  -  90  cm  long,   1-3  cm  broad, 


Leaf  tip 


50cm 


Habit 


upper  blades  reduced;  inflorescence  a  terminal  cyme 
with  one  to  several  flower  branches  in  elxIIs  of  upper 
leaves,  each  branch  terminated  by  a  long-peduncled 
ovate  head,  usually  with  two  smaller  heads  below, 
their  peduncles  opposite  and  subtended  by  leaflike 
bracts;  heads  many-flowered,  each  flower  above  a 
stiff,  sharp  bract,  terminal  head  1-3  cm  long,  1-2 
cm  wide,  subtended  by  whorl  of  hnear-lanceolate 
bracts;  flowers  5-merous,  sepals  acute,  stiff,  persist- 
ent, shorter  than  floral  bract,  petals  deciduous,  styles 
two,  persistent  on  fruit,  exceeding  all  other  flored 
parts  and  bract;  fruit  an  oblong  cremocarp,  2-3  mm 
long. 


125 


Flowering  Spurge — Euphorbia  corollata  L. 


This  slender,  somewhat  showy  plant  is  one  of  the 
most  common  members  of  the  spurge  family  in  the 
southeastern  United  States.  Like  many  spurges,  it 
occurs  most  commonly  on  dry  sandy  soils  but  may  be 
found  on  any  upland  pine  site.  Flowering  spurge  is  a 
v£iriable  species  representing  a  very  variable  group 
within  the  Euphorbiaceae.  Some  populations  may  be 
hairless,  others  extremely  hairy. 

Flowers  are  produced  throughout  the  growing  sea- 
son. The  four  or  five  white  "petals"  that  give  the 
plant  its  showy  appearance  are  actually  the  bracts  of 
a  cup  (cyathium)  in  which  the  separate  male  and 
female  flowers  are  borne.  No  true  sepals  or  petals  are 
produced.  The  male  flower  consists  of  a  single  stamen 
and  there  are  10  to  15  in  each  cyathium;  the  female 
flower  is  a  single  pistil  which  produces  a  three-seeded 
capsule;  seeds  are  V%  to  Vie  inch  long. 

Most  species  oi  Euphorbia  are  poisonous,  and  flow- 
ering spurge  has  a  history  of  Uvestock  poisoning. 
Animals  do  not  seek  out  the  green  plants,  which  have 
milky  juice,  but  will  take  young  plants  along  with 
other  green  forage.  Toxicity  is  not  destroyed  by 
drying,  and  hay  containing  flowering  spurge  is  palat- 
able to  livestock.  Seeds  are  eaten  by  doves,  turkey, 
quail,  eind  other  birds.  The  plant  is  rated  a  high-use 
plant  for  white-tailed  deer. 

Severed  closely  related  spurges  have  petal-Uke 
bracts  surrounding  the  flowers  but  bracts  are  smgdler 
and  may  be  pink,  red,  greenish,  or  white.  Euphorbia 
zinniiflora  Small  has  leaves  subtending  inflorescences 
about  as  large  as  regular  stem  leaves;  flowering 
spurge  has  subtending  leaves  greatly  reduced. 

Range:  Texas  to  Florida,  extending  north  to 
Nebraska,  Minnesota,  and  New  York. 
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Perennial.  Stems  10-80  cm  tall,  from  stout  root- 
stock;  leaves  alternate  below,  whorled  at  base  of  inflo- 
rescence branches,  mostly  opposite  in  the  infloresc- 
ences, entire,  linear,  oblong,  elliptic  or  oblanceolate, 
2-7  cm  long,  0.3-3.5  cm  wide,  often  revolute,  sessile 
or  petiolate,  glaucous  or  lighter  green  beneath;  pedun- 
cles 0.2  -  5.0  mm  long;  cyathia  3-10  mm  wide; 
petaloid     appendages  white,    1-5  mm  long, 

longer  than  wide;  capsule  glabrous,  2-3  mm  long, 
pedicels  3-4  mm  long;  seeds  2.2-2.5  mm  long. 
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Partridgeberry — Mitchella  repens  L. 


This  attractive,  evergreen,  trailing  herb  is  found 
throughout  the  southeastern  states.  It  is  most  abun- 
dant in  low  moist  woods,  such  as  stream  bottoms, 
and  thrives  in  fairly  dense  hardwood  shade.  A  pair  of 
white  (or  sometimes  pinkish)  tubular,  fragrant  flow- 
ers about  V2  inch  long  produce  a  red,  fused,  double 
berry  about  %  inch  in  diameter.  Both  flowers  and 
berries  are  aromatic. 

Partridgeberry  is  in  the  madder  family  (Rubi- 
aceae),  which  includes  the  ubiquitous  annual,  rough 
buttonweed.  The  attractive  foHage  of  partridgeberry 
is  used  for  decoration;  its  small  leaves  and  ease  of 
rooting  make  it  a  desirable  terrarium  plant.  Deer  eat 
the  foliage,  and  berries  are  eaten  by  bobwhite  quEiil, 
other  birds,  and  small  mammeds. 

Range:  Texas  to  Florida,  extending  north  to  Min- 
nesota and  southwest  Newfoundland. 


Perennial.  Stems  prostrate,  puberulent  or  glabrate; 
leaves  opposite,  ovate,  8-20  mm  long,  glabrous, 
leathery;  flowers  in  pairs  on  a  short  terminal  pedun- 
cle, the  bases  of  the  two  calyces  usually  fused;  calyx 
3-4  mm  long,  lobes  minute;  corolla  white  or  tinged 
with  pink,  tube  9-14  mm  long,  lobes  ovate,  3-4  mm 
long,  pubescent  on  the  inner  surface;  stamens  four, 
well  exserted;  berry  red  (rarely  white),  paired,  fused, 
7-10  mm  broad,  aromatic. 


1cm 
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Pokeweed — Phytolacca  americana  L. 


Pokeweed  is  a  common  "barn-yard"  plant  through- 
out the  eastern  one-third  of  the  United  States  and 
adjacent  Canada.  On  forest  range  it  is  found  primar- 
ily along  fence  rows  and  on  disturbed  site  such  as 
windrows  on  recently  cleared  areas.  Height  is  com- 
monly 6  feet  or  less,  but  on  cleared,  productive  sites 
with  little  competition  plants  may  grow  to  a  height  of 
10  feet. 

The  broad,  smooth  leaves  are  from  3-12  inches 
long.  Flowers  are  produced  from  May  until  the  first 
frost,  and  the  shiny,  dark  purple  berries  hang  in  2-  to 
6-inch  long  clusters  attached  opposite  the  upper 
leaves  on  each  stem  and  branch.  Stems  and  flower 
stalks  are  purphsh. 

Although  pokeweed  can  be  poisonous  to  humans 
and  Uvestock,  poisoning  is  rare.  Young  shoots,  when 
'properly  prepared,  are  safe  for  human  consumption. 
The  pleint  has  an  unpleasant  smell  and  is  unpalatable 
to  grazing  animals.  The  large  fleshy  taproot  is  the 
most  poisonous  part,  and  pigs  ha^e  been  poisoned  by 
eating  the  roots.  Deer  eat  the  plant  during  spring  and 
early  summer,  £ind  several  species  of  birds  and  small 
mammals  utilize  the  berries.  Mature  berries  are 
sUghtly  flattened,  about  Vh  inch  in  diameter,  and  each 
normally  contains  10  seeds. 

A  form  of  pokeweed  with  erect  rather  than  droop- 
ing flower  stalks  has  been  separated  as  Phytolacca 
rigida  Small  in  some  books,  but  is  included  in  P.  amer- 
icana in  NLSPN  (USDA  1982).  The  form  is  appar- 
ently common  throughout  the  range  of  pokeweed,  but 
is  not  considered  a  distinct  taxon. 

Range:  Texas  to  Florida,  extending  north  to 
southern  Ontario  and  New  Englemd. 


Perennial.  Stems  1  -  3  m  tall  from  large  fleshy  root- 
stock;  leaves  alternate,  glabrous,  lanceolate  to  ellip- 
tic-lanceolate, entire,  8-30  cm  long,  3-12  cm  wide, 
acute,  base  rounded  to  cuneate,  petioles  1-5  cm  long; 
racemes  5-20  cm  long,  erect  to  nodding,  pedicels 
bracteate;  flowers  perfect;  sepals  five,  green  to  whit- 
ish, 2-3  mm  long,  persistent  in  fruit;  corolla  absent, 
stamens  5  to  30,  ovEiry  superior;  berry  5-  to  12-carpel- 
late,  purphsh  black,  4-6  mm  long,  7-10  mm  in 
diaineter;  seeds  2.5  -  3.0  mm  long,  flattened. 
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Southern  Bracken — Pteridium  aquilinum  (L.)  Kuhn  var.  pseudocaudatum  (Clute)  Heller 


Southern  bracken,  a  fern  of  the  family  Polypodi- 
aceae,  is  one  of  the  few  conspicuous  nonflowering 
plants  on  pine  reinges.  It  is  common  on  various  sites 
across  the  South,  but  is  most  abundant  on  well- 
drained  sandy  soUs  under  eui  open  pine  canopy. 

Bracken  lacks  vertical  stems.  Coarse,  stiffly  erect 
fronds  rise  to  a  height  of  1  to  5  feet  from  hairy,  under- 
ground stems.  The  frond  blade,  broadly  triangular  in 
shape,  consists  of  opposite,  finely  divided  segments. 
Fronds  usually  mature  and  die  before  the  first  frost 
and  the  dead  fronds  stand  throughout  the  winter. 
Bracken  not  only  spreads  by  rhizomes,  often  covering 
extensive  areas,  but  also  reproduces  by  spores. 

Southern  bracken  is  toxic  to  Uvestock,  with  horses 
more  susceptible  than  cattle.  Because  fronds  aire 
apparently  unpalatable  except  in  early  spring,  and  a 
great  quzmtity  must  be  eaten  to  produce  toxicity 
symptoms,  losses  £u-e  infrequent.  Poisoning  has 
occurred  when  cattle  previously  unexposed  to 
bracken  were  moved  in  spring  to  an  area  with  an 
abundance  of  bracken.  Regulzir  observation  of  £tnim£il 
condition  £md  forage  utilization  level  should  detect 
bracken  utilization  in  time  to  prevent  losses.  Toxicity 
is  apparently  due  to  the  breakdown  of  thiamine  in  the 
blood.  With  yearlong  moderate  grazing,  infested 
areas  normally  can  be  safely  grazed,  but  famiharity 
with  the  plant  and  its  toxicity  may  save  cattlemen 
from  severe  losses.  Utilization  of  new  fronds  follow- 
ing a  prescribed  bum  or  wildfire  in  midspring  or  later 
should  be  monitored  frequently. 

Cattle  and  deer  may  graze  early  growth  in  spring 
lilong  with  new  grass,  but  as  fronds  mature,  animzds 
lormjilly  reject  bracken  for  more  palatable  species.  It 
s  rated  a  low-use  plzint  for  deer. 

Range:  Texas  to  Florida,  extending  north  to  Mas- 
sachusetts, then  inland  to  Oklahoma,  Missouri,  Indi- 
ina,  £md  Ohio. 


*erennial.  Rhizomes  horizontal,  hairy,  black,  elon- 

:ate,  forking,  and  extensively  creeping;  fronds  tripin- 

ately  compound,  30-150  cm  tall,  coarse,  upright, 

orne  singly  and  Eilternately  near  ends  of  rhizomes; 

tipes  continuous  with  the  rhizome,  base  dark  brown, 

'ith  scattered  hairs,  upper  stipe  straw  colored,  gla- 

rous;  blades  20  -  50  cm  long,  tripinnate,  broadly  tri- 

ngular  in  outUne  with  three  mjiin  divisions;  pinnules 

t)long  to  linear,  entire  to  pinnate,  the  terminjil  seg- 

lents  conspicuously  elongate,  7-15  times  longer 

lan  broad,  margins  revolute  to  entire  or  undulate; 

iri  margined,  mostly  continuous;  sporangia  borne 

Jtween  the  modified  inroUed  margin  of  the  pinnule 

gment  (outer  indusium)  and  the  indefinite  inner 

dusium;  spores  minute. 
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Narrowleaf  Mountainmint — Pycnanthemum  tenuifolium  Schrad. 


This  aromatic  member  of  the  mint  family  (Labia- 
tae)  is  common  throughout  the  South,  growing  in 
roadside  ditches,  firelines,  stump  holes,  and  other 
moist  places,  as  well  as  dry  prairies  and  upland  for- 
ests. Like  many  other  members  of  the  mint  family,  it 
has  four-angled  stems,  opposite  leaves,  and  small 
tubular  two-lipped  flowers.  Leaves  are  about  Vie  inch 
wide  and  V2  inch  to  2  inches  long.  Small  heads  of 
white  to  pinkish,  purple-dotted  flowers  are  in  ter- 
minal clusters  at  the  tip  of  each  branch.  The  entire 
plzint  is  hgdrless. 

Slender  mountainmint,  Pycnanthemum  flexuosum 
(Walt.)  BSP.,  has  been  confused  with  narrowleaf 
mount£iinmint;  in  several  books,  the  two  species 
names  are  shown  to  be  synonymous.  However,  P. 
flexuosum  has  broader  leaves— to  over  V2  inch— £tnd 
has  fine  grayish  hairs  on  all  surfaces  or  at  least  on 
stem  angles  and  midribs  of  leaves.  Whereas  narrow- 
leaf  mountainmint  is  found  southwide,  P.  flexuosum 
does  not  occur  west  of  Alabama. 

Whiteleaf  mountainmint,  P.  albescens  T.  &  G.,  is 
almost  as  common  as  narrowleaf  mountainmint  from 
east  Texas  and  Missouri  to  Florida.  Leaves  of  white- 
leaf  average  about  Wi  inches  long  and  V2  inch  wide, 
widest  near  the  middle  or  shghtly  below.  The  ter- 
minal one-half  to  two-thirds  of  each  margin  has  six  to 
eight  widely  spaced  shallow  teeth.  Upper  leaf  sur- 
faces of  lower  leaves  are  dull  olive  green  and  lower 
surfaces  are  greenish  gray.  Upper  leaves  and  inflo- 
rescence bracts  are  conspicuously  whitened  with  a 
dense  but  thin  coating  of  grayish-white  hair.  Cluster 
mountainmint,  P.  muticum  (Michx.)  Pers.,  simileir  to 
whiteleaf,  grows  in  low  pinewoods. 

Prairie  bluet,  Houstonia  nigricans  (Lam.)  Fern.— 
which  is  not  in  the  mint  family— has  small,  nsirrow 
leaves,  four-angled  stems,  and  flower  clusters  that 
resemble  those  of  narrowleaf  mountainmint.  Early 
stem  leaves  of  prairie  bluet  may  be  IV2  inches  long 
and  V4  inch  wide,  although  later  leaves  of  the  upper 
stem  and  bremches  resemble  the  needle-like  leaves  of 
narrowleaf  mountainmint.  The  tubular  corolla  of  prai- 
rie bluet  flowers  is  terminated  by  four  small,  regular 
lobes,  while  narrowleaf  mountainmint  has  a  two- 
lipped  corolla  typical  of  the  mints. 

MountEiinmints  are  not  considered  v£iluable  as  for- 
age for  hvestock,  although  they  are  rated  as  good 
deer-food  plants  and  as  seed  producers  for  wildhfe. 

Range:  Texas  to  Georgia,  extending  north  to 
Minnesota  and  New  England. 


Perennial.  Stems  40-120  cm  tall,  4-angled,  glabroui, 
leaves  linear  to  Uneeir-eUiptic,  2-5  cm  long,  1  -  4  mi^  ^^„ 
wide,  acute,  entire,  glabrous;  inflorescence  headlike  i,  ^^ 
flat  or  concave  corymbs,  each  cymule  5-10  mi   n 
broad;  bracts  pubescent,  acute;  calyx  pubescent,  act|  ij 
nomorphic  to  shghtly  zygomorphic,  tube  2.5-3. 
mm  long,  teeth  lanceolate,  1.0-1.5  mm  long,  acutip^ 
corolla  bilabiate,  white  to  pinkish,  often  purple-dO(l||j. 
ted-pubescent,  3-5  mm  long;  seeds  black,  obloiij(i| ,. 
0.9-1.0  mm  long,  short-pubescent  at  apex.  ,  jj^ » 
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Maryland  Meadowbeauty — Rhexia  mariana  L. 


The  meadowbeauties  provide  color  on  low,  open 
pinelands  during  the  period  of  relatively  few  blooms 
between  the  spring  and  fall  flowering  peaks.  Rhexia  is 
the  only  herbaceous  genus  of  the  tropical  melastoma 
family  (Melastomataceae)  native  to  the  United 
States.  All  species  have  opposite,  mainly  three- 
nerved  leaves  and  showy,  four-petaled  flowers  with 
large  yellow  stamens.  Flower  color  of  the  more  com- 
mon species  is  rose  to  purple;  several  species  have 
white-flowered  forms,  and  one  species  has  yellow 
flowers. 

j  Maryland  meadowbeauty,  which  is  one  of  the  most 
abundant  species  southwide,  grows  1  to  3  feet  tall 
from  underground  rootstocks.  It  has  lavender,  rose- 
purple,  or  white  petals  and  hairy  stems  and  leaves. 
Leaves  are  up  to  2V2  inches  long.  Most  leaves  are 
elliptic  in  outline,  but  leaf  shape  is  highly  variable. 
Flowers  are  about  1 V2  inches  wide. 

Yellow  meadowbeauty,  Rhexia  lutea  Walt.,  has 
about  the  same  geographic  range  as  Maryland  mea- 
dowbeauty but  is  confined  to  wet  pinelands,  prairie, 
or  bogs  of  the  lower  Coasted  Plain.  It  is  sUghtly 
smaller  than  Meiryland  meadowbeauty,  has  neirrowly 
'jelliptic  to  oblanceolate  or  obovate  leaves  and  hairy 
stems  £ind  leaves,  and  is  the  only  Rhexia  species  with 
yellow  flowers.  Rhexia  petiolata  Walt,  is  a  slender, 
often  unbranched  meadowbeauty  with  hairless  stems 
and  petals  about  the  color  of  Maryland  meadow- 
beauty. It  is  frequently  associated  with  yellow  mea- 
dowbeauty on  bogs  £ind  wet  flatwoods  sites. 

The  largest  species,  which  may  reach  40  inches  tall 
on  wet  Coastal  Plain  pineleinds  from  North  CaroUna 
to  Louisiana,  is  R.  alifanus  Walt.  It  is  a  smooth,  hair- 
less plant  with  a  thick  spongy  root  and  larger  darker- 
colored  flowers  than  Maryland  meadowbeauty.  Leaf 
margins  of  R.  alifanus  are  not  toothed,  but  emother 
species  about  equed  in  size,  common  meadowbeauty, 
R.  virginica  L.,  has  sharply  toothed  margins  on  ellip- 
tic to  ovate  leaves. 

The  meadowbeauties  Eire  not  considered  valuable 
'as  forage  for  livestock,  although  deer  eat  Meiryland 
'tneadowbeauty  in  the  spring  and  summer.  The  tiny 
seeds  are  not  important  as  food  for  wildlife. 

Range:  Texas  to  Florida,  extending  north  to  Okla- 
homa, Kentucky,  and  Massachusetts. 


Perennial.  Stems  frequently  colonial  from  elongate, 
lorizonted  roots,  to  80  cm  tall,  hirsute;  leaves  linear, 
illiptic,  lanceolate,  ovate,  or  obovate,  to  6.5  cm  long 
uid  2  cm  wide,  sparsely  hirsute,  3-nerved,  acute,  cil- 
ate-serrate,  base  rounded  to  attenuate;  sepals  line£ir, 
L.0-2.5  nrni  long;  petals  purplish  to  white,  10-25 
nm  long;  anthers  6-10  mm  long;  capsule  4.5  -  7.0 
nm  in  diameter,  hypanthium  6-10  mm  long,  glzindu- 
ar-hirsute  or  glabrous,  neck  about  as  long  as  body. 
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Ruellia — Ruellia  humilis  Nutt. 

Several  species  of  Ruellia  grow  throughout  the 
South,  and  flowers  of  all  are  similar:  showy  violet  or 
purple  trumpets  with  five  spreading  lobes.  Leaves  are 
opposite  and  in  most  species  broad  and  attractive, 
reflecting  the  characteristics  of  its  tropical  family, 
Acanthaceae,  from  which  come  several  attractive 
house  plants,  including  the  zebra-plant,  Aphelandra 
squarrosa  Nees.  The  native  species  of  Ruellia  are 
known  by  some  as  "wild-petunias." 

Ruellia  humilis  is  found  throughout  most  of  the 
eastern  half  of  the  United  States.  In  the  South  it 
occurs  in  dry  open  woods,  prairies,  or  on  rocky  hill- 
sides. It  differs  from  another  common  species,  R.  car- 
oliniensis  (Wedt.  ex  J.F.  Gmel.)  Steud.,  mainly  in  the 
presence  or  absence  of  leaf  petioles;  leaves  of  R. 
humilis  are  sessile  while  those  oiR.  caroliniensis  have 
distinct  petioles.  Moreover,  the  latter  is  found  in  bot- 
tomlands and  other  generally  wetter  sites  than  the 
former. 

Stems  may  be  3  feet  tedl  and  branched  where  her- 
baceous competition  is  Light,  but  in  fairly  heavy  her- 
baceous ground  cover,  such  as  found  on  open  longleaf 
pine  sites,  stems  are  1  foot  or  less  and  unbranched. 
Leaves  may  be  up  to  4  inches  long  and  2  inches  wide. 
Stem  and  leaves  appear  bristly  with  dense  white 
hairs,  although  hairiness,  like  other  plant  characters, 
is  variable.  Flowers  aire  up  to  2V2  inches  long,  without 
stalks,  with  the  coroUa  tube  about  two-thirds  the 
length,  and  five  broad  lobes.  The  calyx  is  about  1  inch 
long,  sepEirated  almost  to  the  base  into  five  persistent 
narrow  lobes.  The  slender  brownish  capsule  is  only 
slightly  longer  than  the  calyx  lobes. 

Ruellia  ciliosa  (Pursh)  Long  is  a  dwarf  plaint  on  dry 
sandy  soils  from  Louisiana  along  the  Coastal  Plain  to 
South  Carolina.  Leaves  have  definite  petioles  and 
often  form  a  rosette  at  ground  level.  Ruellia  peduncu- 
lata  Torr.  ex  Gray  is  found  on  pinelands  west  of  the 
Mississippi  River.  Flowers  are  soUtary  to  several  in 
leaf  axils  or  on  axillairy  branches.  Each  flower  is  on  a 
stalk  as  long  as  the  flower. 

Although  rueUia  seeds  have  been  found  in  bob- 
white  quail  crops,  and  deer  graze  the  leaves  in  the 
spring,  wildMfe  food  vedue  of  the  genera  is  hmited  by 
its  lack  of  abundance.  Its  greatest  value  may  be  for 
its  showy  flowers. 

Range:  Texas  to  Florida,  extending  north  to  Iowa 
and  Pennsylvania. 


Perennial.  Stems  to  1  m  tadl,  pubescent,  branching; 
leaves  ovate,  elliptic  or  lamceolate,  pubescent,  to  6  cm 
long  and  3  cm  wide,  sessile  or  subsessUe;  flowers  in 
sessUe  or  subsessile  axillary  glomerules;  calyx  lobes 
Uneair-setaceous,  15-25  cm  long;  corolla  2-3  cm 
long,  lobes  to  1.5  cm  long;  capsule  glabrous,  12-  15 
mm  long,  about  4  mm  broad;  seeds  pale,  2-3  mm 
broad. 
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Queensdelight — Stillingia  sylvatica  L. 


This  coarse  perennial  of  the  spurge  family  (Euphor- 
biaceae)  grows  on  dry  or  well-dr£iined  sites  through- 
out the  Southeast  and  as  far  west  as  New  Mexico. 
Several  stems,  up  to  32  inches  tall,  arise  from  a 
woody  root  crown.  Each  stem  is  unbranched  or  may 
have  a  whorl  of  branches  below  the  terminal  infloresc- 
ence. Pistillate  flowers,  which  produce  three-seeded 
capsules  about  y%  inch  in  diameter,  are  borne  near  the 
base  of  a  spike  of  male  flowers  that  may  be  as  long  as 
5  inches.  Leaves  are  elliptical  to  lance  shaped,  about  2 
inches  long  and  V2  inch  wide,  with  fine  blunt  teeth  on 
the  margins. 

Queensdehght,  hke  other  milky-juiced  members  of 
this  family,  normally  is  not  eaten  by  livestock.  Stillin- 
gia treculiana  (Muell.  Arg.)  I.  M.  Johnst.,  a  species  of 
west  Texas  and  Mexico,  is  recognized  as  poisonous, 
thus  queensdehght  should  be  suspect.  Seeds  are 
eaten  by  bobwhite  quail  and  other  birds  and  small 
mammals,  but  because  of  hmited  plant  distribution 
and  low  seed  production  per  plant,  queensdehght  is 
not  considered  a  valuable  source  of  wildlife  food. 

Range:  Texas  to  Florida,  extending  north  to  Mis- 
souri and  Virginia. 


Perennial.  Stems  several  to  many  from  a  woody 
crown,  to  80  cm  tall,  branching  immediately  below 
terminal  inflorescences;  leaves  alternate,  elliptic  to 
lanceolate  or  oblanceolate,  3.5  -  9.0  cm  long,  1.0  -  4.5 
cm  wide,  margins  serrulate  or  crenulate;  inflorescence 
j]a  terminal  spike  5-12  cm  long,  pistillate  flowers 
basal,  staminate  above,  conspicuous  saucer-shaped 
glands  at  base  of  flower;  capsule  2-  to  3-seeded,  8-10 
mm  long;  seed  5-9  mm  long. 
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Nettleleaf  Noseburn — Tragia  urticifoUa  Michx. 


This  stinging  plant  of  the  spurge  family  is  common 
in  sandy  fields  and  open  forests  throughout  the 
South.  It  does  not  sting  as  viciously  as  buUnettle  but 
is  much  more  common.  Stems  are  normally  1  to  2  feet 
tall,  often  longer  and  reclining  on  more  shaded  sites. 
Leaves  are  alternate  and  may  be  less  than  1  inch  to  3 
inches  long;  width  is  sUghtly  less  than  half  the  length. 
Width  is  greatest  near  the  base,  £ind  the  straight  or 
sh£illowly  heart-shaped  base  and  the  straight  but 
abruptly  converging  margins  produce  a  long-triangu- 
lar leaf  shape.  Leaf  mairgins  are  coEirsely  toothed. 

All  above-ground  plant  peirts  £u-e  coated  with  soft 
white  hairs  intermixed  with  stiff,  white,  stinging 
hairs.  Like  most  members  of  the  spurge  family,  nose- 
bums  have  separate  male  and  female  flowers  on  the 
same  plant.  In  nettleleaf  noseburn,  one  or  two  female 
(seed-producing)  flowers  are  borne  below  numerous 
male  flowers  in  spikes  produced  in  the  axils  of  upper 
leaves. 

Several  other  noseburns  are  common  within  the 
range  of  nettleleaf.  Wavyleaf  noseburn,  Tragia  urens 
L.,  is  a  slightly  smaller  plant  than  nettleleaf,  with 
leaves  about  the  same  length  but  narrow,  with 
smooth,  almost  imperceptibly  wavy  margins.  Leaves 
are  widest  near  the  middle  and  taper  toward  both 
ends.  Plant  hairs  are  sparse  with  no  stinging  hairs. 
Small  noseburn,  T.  smallii  Shinners,  is  another  non- 
stinging  plant  common  on  sandy  soils  across  the 
South.  It  is  usuziUy  5  to  10  inches  tall  and  leaves  are 
broadly  oval  to  elliptic,  with  coarsely  toothed  mar- 
gins. Heartleaf  noseburn,  T.  cordata  Michx.,  is  a 
stinging,  trailing  or  twining  plant  with  heart-shaped 
leaves  whose  petioles  are  about  as  long  as  the  blade. 

Seeds  of  the  noseburns,  like  those  of  most  mem- 
bers of  the  spurge  fgunily,  are  excellent  wUdhfe  food. 
Because  of  low  pleint  densities  and  low  seed  produc- 
tion per  pleint,  however,  noseburns  are  seldom  listed 
as  valuable  food  plants. 

Range:  Texas  and  Arkansas  to  Florida  and  North 
Carolina. 


Perennial.  Stems  20  -  70  cm  tall,  erect  to  decumbent; 
leaves  triangular-lanceolate  to  narrowly  ovate,  2-6 
cm  long,  0.5  -  4.0  cm  wide,  margins  simply  or  doubly 
serrate,  base  truncate  to  cordate,  petioles  5-15  mm 
long;  racemes  1-4  cm  long  in  eixils  of  upper  leaves, 
with  one  to  two  pistillate  flowers  below  1 1  to  40  steun- 
inate  flowers,  staminate  bracts  shorter  than  persist- 
ent bases  of  staminate  pedicels;  fruit  about  4  mm 
long  and  8  mm  broad;  seed  3-4  mm  long. 
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Rose  Verbena — Verbena  canadensis  (L.)  Britton 


The  verbenas  or  vervains  of  the  Verbenaceae  fam- 
ily are  represented  across  the  South  by  approxi- 
mately 20  species.  Several,  like  rose  verbena,  are  low, 
prostrate  to  ascending  perennial  plants  with  showy 
pink  to  purple  (sometimes  white)  flowers.  Others  Eire 
erect,  weedy  annual  or  perennial  plants  with  incon- 
spicuous flowers.  The  verbenas  are  close  taxonomi- 
cally  to  the  mint  family  (Labiatae)  and  have  opposite 
leaves  and  four-angled  stems,  as  do  many  members  of 
the  mint  family.  The  two  families  differ  in  the  follow- 
ing characteristics: 


inflorescence 


flowers 


ovary 


Verbenaceae 
spike  or 
raceme;  pedi- 
cels less  than 
1  mm  long; 
calyx  less  than 
5  mm  long 


weakly,  if  at 
all,  zy  go- 
morphic 

lobeless,  style 
apical 


Labiatae 
not  a  spike  or 
raceme  (if  so, 
pedicels  more 
than  1  mm 
and  calyx 
more  than  5 
mm) 

strongly  zygo- 
morphic 


4-lobed;    style 
arising 
between  lobes 


Leaves  of  rose  verbena  are  triangular-ovate  to  lan- 
ceolate in  outline,  although  they  may  be  lobed  or 
divided.  The  hybrid  garden  verbena.  Verbena  hybrida 
Hort.  ex  Vilm.,  which  may  escape  from  cultivation, 
resembles  rose  verbena.  Its  leaves,  however,  are 
toothed  but  not  divided,  and  its  flowers  may  be  one  of 
several  colors.  Moss  verbena,  V.  tenuisecta  Briq.,  is  a 
prostrate  mat  former  with  finely  divided  leaves  and 
showy  flowers.  A  tall,  unattractive,  weedy  verbena, 
V.  brasiliensis  Veil.,  is  common  on  roadsides  through- 
out the  South.  There  are  several  attractive  verbenas 
other  than  the  prostrate  species;  slender  verbena,  V. 
halei  Small,  is  em  example. 

Several  of  the  tall  weedy  verbenas  are  Usted  as 
medium-to-high-use  food  plants  for  white-tailed  deer 
in  Mississippi.  Although  other  verbenas  provide  for- 
age for  livestock  and  deer,  and  seeds  are  eaten  by 
birds,  verbenas  are  not  generally  abundant  on  undis- 
turbed range  and  are  not  considered  valuable  food 
plants.  Rose  verbena  is  included  here  because  of  its 
showy  flowers. 

The  flowers  of  several  species  of  phlox.  Phlox  spp., 
resemble  those  of  rose  verbena.  Although  leaves  of 


both  phlox  and  verbena  are  opposite,  phlox  leaves 
have  entire  meirgins,  while  those  of  verbena  are 
toothed  or  divided. 

Range:  Texas  to  Florida,  extending  north  to  Colo- 
rado, Kansas,  Iowa,  and  lUinois. 


Perennial.  Stems  decumbent  or  ascending,  pilose, 
10-40  cm  long;  leaves  trianguleir-ovate  to  lanceolate, 
pinnately  dissected  or  lobed,  petioles  0.5  -  2.5  cm 
long;  inflorescence  a  single  spike  terminating  each 
branch,  erect  or  ascending,  2-15  cm  long,  densely 
many  flowered;  calyx  10-13  mm  long,  lobes  subu- 
late-setaceous; bracts  shorter  than  or  equalling  calyx; 
corolla  tube  twice  the  length  of  calyx,  pink  to  purple; 
seed  cyhndrical,  about  3  mm  long  and  0.5  mm  broad, 
surface  reticulate-ridged. 
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GLOSSARY 


achene.  A  small,  dry,  one-seeded 
fruit  with  a  tight,  thin,  indehis- 
cent  ovary  wall.  Seed  attached 
to  ovary  wall  at  one  point  only. 

acicular,  aciculate.  Needlelike. 

actinomorphic.  Capable  of  being 
divided  into  equal  and  similar 
halves  along  two  or  more  planes; 
radially  symmetrical  (see  zygo- 
morphic). 

acuminate.  Tapering  gradually  to  a 
point. 

alternate.  Leaves  or  other  parts 
placed  singly  at  different  levels 
on  a  stem  or  axis. 

annual.  A  plant  that  completes  its 
Ufe  cycle  in  1  year  or  less. 

anther.  The  poUen-bearing  part  of 
the  stamen. 

anthesis.  The  period  when  anthers 
disseminate  pollen  or  stigmas 
are  receptive  to  poUen. 

apetalous.  Without  petals. 

apical.  At  the  tip. 

apiculate.  Ending  abruptly  in  a 
short,  shairp  point. 

appressed.  Closely  pressed  against. 

article.  A  section  of  a  fruit  sepa- 
rated from  adjacent  sections  by 
a  constriction  or  joint,  as  in 
Desmodium. 

attenuate.  Tapering  gradually; 
more  gradual  than  acuminate. 

auricle.  An  ear-shaped  projection 
or  appendage. 

awn.  A  bristlelike  appendage,  often 
the  extension  of  nerves  or  veins 
in  floral  bracts. 

axil.  The  upper  angle  between  a 
leaf  or  branch  and  the  stem  to 
which  it  is  attached. 

barbellate.  Finely  barbed. 

beak.  A  slender,  pointed  tip  some- 
times double;  appearing  as  an 
open  or  gaping  beak. 

berry.  A  fleshy,  indehiscent  fruit 
with  one  to  many  seeds. 

bipinnate.  Twice  pinnate. 

blade.  The  upper  expanded  part  of 
a  leaf  or  petal. 

bract.  A  reduced  or  modified  leaf 
subtending  a  flower  or  flower 
cluster,  bractlet.  Small  bract. 

bracteate.  Having  bracts. 


bracteole.  A  secondary  bract  or 
bractlet. 

bunchgrass.  A  grass  that  habitu- 
ally grows  in  a  well-defined  tuft, 
as  opposed  to  those  spreading 
by  stolons  or  rhizomes. 

caducous.  Falling  early. 

callus.  The  hard,  sharp-pointed 
base  of  certain  grass  spikelets  or 
florets. 

calyx.  The  sepals,  collectively. 

campanulate.  Bell  shaped. 

canescent.  Coated  with  gray 
pubescence. 

capillary.  Hairhke. 

capitate.  Forming  a  dense  or  com- 
pact cluster;  in  heads. 

capsule.  A  dry,  dehiscent,  usually 
many-seeded  fruit,  with  two  or 
more  carpels. 

carpel.  A  simple  pistil  or  a  division 
of  a  compound  pistil. 

caryopsis.  The  one-seeded,  indehis- 
cent fruit  or  grain  of  a  grass, 
with  seedcoat  fused  to  ovary 
wall. 

catkin.  A  dry,  scaly,  pendulous 
spike,  usually  unisexual,  com- 
monly staminate. 

caudex.  The  persistent  base  of  a 
perennial  forb. 

cauline.  Attached  directly  to  the 
main  stem. 

cespitose.  In  tufts  or  clumps. 

chaff.  Small,  thin  scales  or  bracts, 
becoming  dry  and  membranous. 

ciliate.  Fringed  with  marginal 
hairs. 

cillolate.  Minutely  ciliate. 

clavate.  Clublike;  gradually  thick- 
ened toward  the  apex,  clavellate: 
the  diminutive. 

cleistogamous.  A  type  of  self-polli- 
nating, non-opening  flower. 

collar.  The  outer  area  of  a  grass 
leaf  where  blade  and  sheath  join. 

compound.  Composed  of  two  or 
more  similar  parts. 

cordate.  Heart  shaped;  used  pri- 
meirily  to  describe  leaf  bases 
with  heartlike  lobes. 

coriaceous.  Leathery  in  texture. 

corm.  A  bulblike,  but  solid,  base  of 
a  stem,  often  subterranean. 


corolla.  The  petzils,  collectively. 

corona.  A  crown-Uke  structure  in 
flowers  of  Asclepias,  resulting 
from  modification  of  the 
anthers. 

corymb.  A  flat-topped,  indetermi- 
nate inflorescence,  with  outer 
flowers  maturing  first. 

cremocarp.  The  dry,  dehiscent, 
two-seeded  fruit  of  plants  in  the 
family  Umbelliferae. 

crenate.  With  coarse,  rounded 
teeth. 

culm.  The  stem  of  a  grass  or  sedge. 

cuneate.  Wedge  shaped  or  nar- 
rowly trieingulair,  with  the  point 
downwgird. 

cyathium.  The  specialized  involu- 
crate  inflorescence  of  Euphor- 
bia. 

cyme.  A  flat-topped  determinate 
inflorescence,  with  the  central 
flowers  opening  first,  cymule:  a 
small  or  few-flowered  cyme. 

decumbent.  Reclining,  but  with 
apices  ascending. 

decurrent.  Pointing  downward. 
dehiscent.  Opening  at  maturity  by 

slits  or  valves  to  discharge  the 

contents. 
deltoid.  Triangular. 
dentate.    Toothed,    with    sharp, 

spreading,   coarse   indentations 

perpendicular  to  the  margin. 

diadelphous.  Having  stamens  with 
filaments  united  in  two,  often 
unequfd,  clusters. 

digitate.  Handlike;  compound, 
with  members  arising  from  one 
point. 

dioecious.  Bearing  unisexual  flow- 
ers, with  the  staminate  and  pis- 
tillate borne  on  different  plants. 

discoid.  Having  only  disk  flowers. 

disk  flower.  The  tubular,  regular 
flowers  usually  crowded  in  the 
center  of  the  flower  head  in 
Compositae,  as  distinguished 
from  the  outer,  ligulate,  ray 
flowers. 

drupe.  A  fleshy  fruit  with  the  inner 
ovary  wall  hardened  around  the 
one  or  more  seeds  in  the  center. 
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ellipsoid.  Elliptical  in  outline;  three 

dimensionjil. 
emarginate.    Shallow-notched    at 

the  tip. 
entire.  Without  marginal  teeth  or 

lobes. 
equitant.  Leaves  Eilternate  in  two 

ranks,  each  leaf  overlapping  the 

leaf  above. 
exserted.   Projecting  beyond;   not 

included. 
fascicle.  A  close  cluster  of  flowers, 

leaves,  stems,  or  roots. 
filiform.  Threadlike. 
fimbriate.  Fringed. 
flabellate.  Fan  shaped. 
floret.  A  small  flower,  usually  one 

of  a  dense  cluster,  in  grasses  and 

sedges;  the  unit  of  a  spikelet. 
follicle.  A  dry  fruit  developed  from 

a  single  ov2iry,  dehiscing  along 

one  suture. 
forb.  A  herb  other  than  a  grass, 

sedge,  or  rush. 
frond.  The  leaf  of  ferns  and  fern 

Eillies,  usually  pinnately  lobed  or 

divided. 
fusiform.  Spindle-shaped,  broadest 

in    the    middle    and    tapering 

towEirds  both  ends. 
gamopetalous.  With  the  petals  at 

least  partially  joined  together. 
gamosepalous.  With  sepals  united. 
geniculate.  Bent  abruptly. 
glabrous.  Devoid  of  hgiirs. 
glaucous.  Whitened  with  a  waxy 

bloom. 
globose.  Spherical. 
glomerule.  A  cyme  condensed  into 

a  headlike  cluster. 
glume.  A  chafflike  bract,  subtend- 
ing a  grass  spikelet. 
habit.  The  general  appearance  of  a 

plant. 
hastate.  Arrowhead  shaped,  with 

basEil  lobes  pointing  outw£ird. 
head.  A  dense  cluster  of  stalkless 

flowers. 
herb.  A  plant  that  does  not  develop 

a  persistent  above-ground  stem. 
hirsute.   Covered  with  long,   stiff 

hairs. 
hispid.    Stiff,    bristly   pubescent. 

hispidulous:  the  diminutive. 
hyaline.    Transparent   or   translu- 
cent. 
hypanthium.  Floral  cup  formed  by 

fusion  of  steuuens,   sepals  and 

petals. 


imbricate.  Overlapping,  either  spi- 
rally or  verticEilly. 

indehiscent.  Not  opening  at  matu- 
rity. 

indument.  Any  hairy  covering  or 
pubescence. 

indusium.  Covering  of  a  sorus  (in 
ferns). 

inflorescence.  The  flowering  part  of 
a  plant. 

innovation.  A  basal  shoot  of  a  per- 
ennial grass. 

internode.  The  part  of  the  stem 
between  two  successive  nodes  or 
joints. 

involucre.  The  whorl  of  leaflike 
bracts  surrounding  a  flower  or 
flower  cluster  at  its  base. 

irregular.  Having  flowers  with  pet- 
als or  sepals  unequal  in  size  or 
shape. 

keel.  The  two  lower  united  petals  of 
a  papilionaceous  legume  flower. 
Also,  the  projecting  midrib  on 
the  underside  of  a  laterally  com- 
pressed grass  leaf,  glume,  or 
lemma. 

lanceolate.  Lance  shaped;  several 
times  longer  than  broad,  broad- 
est below  the  middle  and 
tapered  toward  the  apex. 

lanose.  Woolly. 

leaflet.  A  single  division  of  a  com- 
pound leaf. 

legume.  A  plant  of  the  family  Leg- 
uminosae;  the  fruit  or  pod  of 
such  plants  that  is  one-carpelled, 
dehiscent,  usually  several- 
seeded. 

lemma.  The  lower,  outermost  of  the 
two  bracts  of  the  grass  floret. 

lenticular.  Lens  shaped;  biconvex. 

ligule.  In  grasses  a  thin,  membra- 
nous, hairy,  or  ridgelike  appen- 
dage on  the  inside  of  the  leaf 
where  blade  and  sheath  join;  in 
composites  the  flattened,  strap- 
like corolla  of  the  ray  flowers. 

liliaceous.  Possessing  characteris- 
tics typical  of  LiUaceae. 

linear.  Long  and  narrow,  with  par- 
allel sides. 

locule.  One  of  the  chambers  in  a 
compound  ovary  or  in  the  fruit; 
also  appUed  to  the  cavities  of  an 
anther. 

loment.  A  legume  fruit,  flattened 
and    strongly    constricted 


between  seeds,  usually  breaking 
at  maturity  into  one-seeded 
segments  or  articles. 

membranous.  Parchmentlike. 

-merous.  A  suffix  indicating  the 
number  of  parts  present  in  each 
floral  series;  e.g.,  five-merous— a 
flower  with  5  petals,  5  sepals, 
and  5  stamens. 

midrib.  The  central  vein  of  a  leaf. 

monoecious.  Bearing  only  unisex- 
ual flowers,  with  the  staminate 
and  pistillate  borne  separately 
on  the  same  plant. 

mucronate.  With  a  short,  small, 
abrupt  tip. 

nectary.  A  small,  nectar-secreting 
gland. 

nerve.  An  unbranched,  usually 
straight,  vein  or  rib. 

neuter.  Without  functional  sta- 
mens or  pistils. 

node.  A  joint,  especially  of  grass 
stems,  giving  rise  to  one  or  more 
leaves. 

oblanceoiate.  Invert-lanceolate. 

oblique.  Slanting;  attached  at  an 
angle. 

obovate.  Egg  shaped  with  broadest 
portion  at  the  top. 

obovoid.  Obovate  in  outline,  three- 
dimensional. 

obsolete.  Rudimentary  or  not  evi- 
dent. 

opposite.  At  the  same  level,  on 
either  side  of  a  stem  or  axis. 

orbicular.  Circular. 

ovary.  The  enlarged  base  of  the 
pistil  that  encloses  the  ovules 
and  later  ripens  into  the  fruit. 

ovate.  Egg  shaped  in  outline, 
broadest  below  the  middle. 

ovoid.  Ovate  in  outline,  three- 
dimensional. 

palea.  The  inner  or  upper  bract  of 
the  grass  floret. 

palmate.  Arising  from  a  common 
point,  as  the  fingers  of  a  hand; 
digitate. 

panicle.  A  compound  indetermi- 
nate inflorescence  of  stalked 
flowers,  with  the  longer,  lower 
branches  maturing  flowers  ear- 
lier than  the  short  upper 
branches. 

papilionaceous.  Butterflylike;  used 
to  describe  the  irregular  coroUa 
in  some  members  of  Legumino- 
sae. 
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papillose,  papillate.  Beset  with 
tiny,  pimple-like  protuberances, 
or  papillae. 

pappus.  A  ring  of  plumose  or  capil- 
lary bristles,  scales,  spines,  or 
teeth  at  the  tip  of  the  achene  in 
Compositae. 

pedicel.  The  stalk  of  ein  individuad 
flower  or  fruit  in  a  compound 
inflorescence  or  of  a  spikelet  in 
grasses  and  grasslike  plants. 

peduncle.  A  flower  stalk  support- 
ing either  a  cluster  of  flowers  or 
a  single- flowered  inflorescence. 

perennial.  Producing  above-ground 
parts  from  the  same  root  system 
for  at  least  three  growing  sea- 
sons. 

jierfect.  Having  functional  sta- 
mens and  pistil(s)  in  the  S2une 
flower. 

perianth.  Collectively,  the  calyx 
and  corolla. 

perigynium.  A  flask-shaped  sac 
enveloping  the  achene  in  Carex. 

petal.  One  of  the  inner  whorl  of 
flower  blades;  a  unit  of  the  cor- 
oUa. 

petaloid.  Resembling  a  petal. 

petiole.  The  stalk  by  which  a  leaf, 
either  simple  or  compound,  is 
attached  to  the  stem. 

phyllary.  A  bract  subtending  the 
flower  head  in  Compositae. 

pilose.  Covered  with  soft,  straight, 
fine  hair. 

pinna.  A  m2iin  or  primary  division 
of  a  pinnately  compound  leaf. 

pinnate.  A  featherlike  arrange- 
ment; branches,  leaflets,  lobes, 
or  veins  arranged  in  one  plane  on 
two  sides  of  a  central  axil,  even- 
pinnate:  with  no  single  terminal 
leaflet,  odd-pinnate:  with  a  ter- 
minal leaflet. 

pinnatifid.  Pinnately  lobed  with 
clefts  more  than  halfway  to  mid- 
rib. 

pinnule.  The  secondary  division  of 
a  bipinnate  or  tripinnate  leaf  or 
frond. 

pistil.  The  seed-bearing  organ  of  a 
flower,  composed  of  stigma, 
style  (when  present),  and  ovary. 

pistillate.  Having  functional  pis- 
tils), but  no  functionEil  stamens; 
female. 


plumose.  Having  fine,  elongate 
hairs  in  a  single  plane,  on  either 
side  of  a  central  axis;  featherUke. 

pod.  A  dehiscent  dry  fruit;  see  leg- 
ume. 

polygamodioecious.  Polygamous, 
but  predominantly  dioecious. 

polygamous.  Bearing  unisexual 
and  perfect  flowers  on  the  same 
plaint. 

puberulent.  Minutely  pubescent. 

pubescence.  Short,  soft  hairs. pubes- 
cent: with  pubescence. 

punctate.  Dotted  with  depressions, 
glands,  or  small  colored  spots. 

raceme.  A  simple,  elongate,  inde- 
terminate inflorescence,  with 
stalked  flowers. 

rachilla.  TJie  axis  of  the  spikelet  in 
grasses  and  sedges. 

rachis.  The  axis  of  an  inflorescence 
or  a  pinnately  compound  leaf; 
the  main  axis  of  a  fern  frond. 

radiate.  Arramged  around  a  com- 
mon center;  also  said  of  flower 
heads  in  Compositae  with  ray 
flowers  surrounding  a  central 
disk  of  tubular  flowers. 

ranked.  Arranged  in  rows. 

ray  flower.  A  marginal  flower  with 
straphke  corolla,  in  the  head  of 
most  Compositae. 

receptacle.  The  enlarged  or  ex- 
panded axis  which  bears  either 
the  organs  of  a  flower  or  the  col- 
lected flowers  of  a  head. 

reflexed.  Angled  downward. 

regular  flower.  A  flower  with  all 
members  of  each  whorl  similar 
in  shape  eind  size. 

reniform.  Kidney  shaped. 

reticulate.  Net-veined. 

retrorse.  Pointed  backward  or 
downward. 

revolute.  With  margins  rolled 
under. 

rhizome.  An  underground  stem, 
distinguishable  from  a  root  by 
its  nodes,  buds,  and  scalelike 
leaves. 

rootstock.  A  rhizome  or  under- 
ground stem. 

rosette.  A  cluster  of  leaves  radiat- 
ing from  a  very  short  stem  and 
growing  close  to  the  ground. 
rotund.  Round  in  outline. 
rugose.  Wrinkled. 


sagittate.  Shaped  like  an  arrow- 
head, the  basal  lobes  pointing 
downward  or  backwEird. 

scabrous.  Rough  to  the  touch,  sca- 
bridulous:  slightly  rough. 

scale.  A  general  term  appUed  to  a 
variety  of  smeill,  usually  dry, 
leaflike  structures  or  bracts. 

scape.  A  leafless  flower  stalk  aris- 
ing from  an  imderground  part. 

scarious.  Thin,  dry,  membranous; 
not  green. 

secund.  Arising,  or  apparently  aris- 
ing, from  one  side  of  an  axis. 

seed.  A  ripened  ovule. 

sepal.  One  of  the  outer  whorl  of  a 
flower  perianth;  a  unit  of  the 
calyx. 

septate.  Divided  by  partitions. 

serrate.  With  sharp,  forward- 
pointing  teeth. 

serrulate.  Finely  serrate. 

sessile.  Not  stalked. 

setaceous.  Bristlelike;  bristle 
shaped. 

setose.  Having  bristles. 

sheath.  The  lower,  tubular,  stem- 
clasping  part  of  leaves,  espe- 
cially in  grasses,  sedges,  and 
rushes. 

sinuous.  Wavy. 

sorus;  pi.  sori.  A  cluster  of  sporan- 
gia in  nonflowering  plants. 

spathe.  The  sheathing  bract  of  an 
inflorescence. 

spatulate.  Broad  and  rounded  at 
the  apex,  with  a  short,  narrowed 
base. 

spike.  A  simple,  elongated,  indeter- 
minate inflorescence  with  sessile 
flowers. 

spikelet.  The  basic  unit  of  the  grass 
and  sedge  inflorescence,  consist- 
ing of  one  or  more  florets  and  a 
pair  of  subtending  glumes. 

sporangium;    pi.    sporangia.    The 

spore     case     of     nonflowering 

plants. 
squarrose.    With    spreading   or 

recurved  bracts  or  scales. 
stamen.  The  pollen-bearing  organ 

of  a  flower. 
staminate.  Having  stamens  and  no 

functional  pistil;  male. 
standard.  The  upper  petal  in  pea 

£ind  pea-like  flowers  of  family 

Leguminosae. 
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stellate.   Star-like,   with  radiating 

branches. 
stigma.  The  pollen-receiving  tip  of 

a  pistil. 
stipe.    The   stalk   of  a  pistil;   the 

petiole  of  a  fern  frond. 
stipel.  A  minute  stipule  at  the  base 

of  leaflets  of  compound  leaves  in 

some  plants. 

stipule.  One  of  a  pair  of  usually  fol- 
iaceous  appendages  found  at  the 
base  of  leaf  petioles  in  many 
plants. 

stolon.  A  horizontal,  above-ground 
branch  or  runner  that  roots  at 
nodes. 

striate.  Having  fine  longitudinal 
Unes,  ridges,  or  channels. 

strigose.  With  sharp,  stiff, 
straight,  appressed  hairs  which 
are  often  basally  swollen. 

style.  The  portion  of  the  pistil 
between  the  ovary  and  the 
stigma. 

sub-.  Prefix  generally  meaning  "al- 
most" or  "about." 

subulate.  Awl  shaped,  tapering  to 
apex. 

symmetrical.  Said  of  a  regular 
flower  having  an  equal  number 
of  petals,  sepeds,  and  stamens. 


terete.  Round  in  cross  section. 

throat.  The  junction  of  the  tube 
and  the  expanded  part  of  a 
united  corolla;  also  the  opening 
in  a  tubular  corolla. 

tiller.  A  shoot  growing  from  the 
root  or  base  of  a  stem.  Also  used 
as  the  verb. 

tomentose.  Densely  woolly-pubes- 
cent. 

tomentulose.  Coated  with  a  fine 
mat  of  woolly  pubescence;  finely 
tomentose. 

trichome.  Any  hairlike  outgrowth 
of  the  epidermis. 

trifid.  Split  into  three. 

trifoliolate.  Leaves  with  three  leaf- 
lets. 

trigonous.  Three  sided;  triangular 
in  cross  section. 

tripinnate.  Thrice  pinnate. 

truncate.  With  the  base  or  apex 
transversely  streiight,  appearing 
cut  off. 

tuber.  A  short  thickened,  usually 
underground  stem  or  shoot, 
with  numerous  buds  ("eyes")  in 
the  axils  of  minute,  scalelike 
leaves. 

tubercle.  A  small  tuberlike  body  or 
nodule. 


turbinate.  Inversely  conical;  top 
shaped. 

umbel.  A  more  or  less  flat-topped 
indeterminate  inflorescence, 
with  pedicels  and  peduncles  aris- 
ing from  a  common  point. 

undulate.  Wavy  margined  or  with 
a  wavy  surface. 

unisexual.  Of  one  sex;  either  stami- 
nate  or  pistillate. 

verrucose.  Warty. 

verticillate.  A  whorled,  or  appar- 
ently whorled,  arrangement  of 
leaves,  inflorescence  bremches, 
flowers,  etc. 

vesture.  A  term  appUed  to  all  types 
of  hairiness  or  coatings  on  plant 
surfaces. 

villous.  Be£U"ing  long,  soft  hairs. 

vitreous.  Transparent;  glasslike. 

viscid.  Sticky. 

whorl.  A  ring  of  similar  parts 
around  a  point,  as  leaves  around 
a  node. 

wing.  One  of  a  pair  of  lateral  petals 
on  a  papilionaceous  flower. 

zygomorphic.  Capable  of  being 
bisected  by  only  one  plane  into 
equal  and  similar  halves;  bilater- 
ally symmetrical  (see  actino- 
morphic). 
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Page  numbers  in  bold  type  indicate  plant  names  in  titles  of  descriptions 


acacia  84 

Arundinaria  gigantea  42 

blazing-stars  109 

Acalypha 

ssp.  gigantea  42 

blue-eyed-grass  72 

gracilens  119 

ssp.  macrosperma  42 

bluestem2,  14,  22,  36,44.66 

OS  try  i  folia  119 

ssp.  fee  fa  42 

big  2,  5,  31,51,55 

virginica  119 

ylsc/epios 

broomsedge  3,7,6,10 

Acanthaceae  (acanthus  family)  132 

humistrata  121 

bushy  2,  6,  10 

Agalinis 

lanceolata  121 

chalky  3, 10 

purpurea  120 

lati  folia  121 

creeping  2,  11,  12 

tenui  folia  120 

obovata  121 

EUiott4,  8, 10,  38 

Ageratina  altissima  99 

tuberosa  121 

fineieaf2,  4,8, 10 

Albizia  julibrissin  84 

variegata  121 

hairy  7,  10 

Alisma  spp.  112 

viridis  121 

littlel,2,  5,  9, 11,  12 

Ambrosia 

^sfer  93 

eastern  11 

artemisiifolia  91 

concolor  93 

paintbrush  9,  38 

bidentata  91 

dumosus  93 

pinehill2,  11 

psilostachya  91 

patens  93 

silver  2 

trifida  91 

aster  90,  93,  98 

slender  2,  8, 13 

Amphicarpum 

skydrop  93 

south  Florida  12 

muhlenbergianum  37 

silver  93 

spUtbeard  9 

purshii  37 

bushy  93 

bluet,  prairie  130 

Andropogon  2 

Asteraceae  90 

boneset99.100 

capillipes  3 

v4j:onopus 

Bothriochloa  saccharoides  2 

elliottii  4 

affinis  43 

bracken,  southern  118, 129 

gerardii  5 

compressus  43 

bristlegrass 

glaucopsis  3 

furcatus  43 

knotroot  54 

glomeratus  6 

Baccharis  90 

yellow  54 

longiberbis  7 

bahiagrass30 

broomsedge  3,  6,  7 ,  10 

scoparius  11 

bamboo  2 

chalky  3,  10 

stolonifer  12 

5aprisia 

Bulbostylis  capillaris  64 

subtenuis  4,  8 

bracteata  var.  laevicaulis  74 

bullnettle  122, 134 

tenerl3 

lactea  74 

risky  122 

temarius  9 

lanceolata  74 

Texas  122 

fmcyj  7 

leucantha  74 

butterflypea  76,  77 

virginicus  3, 10 

nuttalliana  1,  74 

button-snakeroot  125 

var.  abbreviatus  6 

sphaerocarpa  74 

buttonweed 

var.  glaucopsis  3,  10 

tinctoria  74 

rough  124, 127 

var.  glaucus  3 

beakrush 

Virginia  124 

Antennaria  10  2 

big  66 

camphorweed  106 

plantaginifolia  92 

cluster  66 

cane  42 

-4ntAaenanfza 

common  66 

giant  42                                            « 

m/a38 

horned  66 

switch  42                                         ti 

yi/tosa  38 

nodding  66 

Carex 

Aphelandra  squarrosa  132 

pinehill66 

complanata  61 

Arachis  hypogaea  37 

bean  73 

frankii  61 

ylnsricia 

amberique  85 

glaucescens  61                                  C 

die  ho  to  ma  40 

beardgrasses  2 

/undo  62                                           1 

longespica  40 

beggarlice  79 

carpetgrass 

oligantha  40 

Bigelowia 

big  43                                                ' 

purpurascens  39 

nudata  94 

common  43                                     1 

spiciformis  40 

nuttallii  94 

tropical  43                                       1> 

striata  41 

virgata  94 

Carphephorus  odoratissimus  116     01 

black-eyed-susan  112 

I 
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carrot  125 
Cassia 

aspera  75 

deeringiana  75 

fasciculata  75 
var.  brachiata  75 

nictitans  75 
catfoot  102 
catgut  89 
celery  125 
centipedegreiss  43 
Centrosema  virginianum  76,  77 
Chasmanthium 

lati folium  44 

laxum  44 

sessiliflorum  44 
chigger-weed  121 
Chondrophora  nudata  94 
chondrophora,  naked  94 
Chromolaena  ivifolia  99 
chrysanthemum  90 
Chrysopsis  graminifolia  106 
Cicuta  maculata  125 
Claviceps  paspali  30 
Clitoria  mariana  76,  77 
clover  73 

Japanese  81 
Cnidoscolus 

stimulosus  122 

texanus  122 
Coelorachis  45 

cylindrica  45 

rugosa  45 

tessellata  45 
compassplant  113 

Compositae  (composite  family)  73, 90 
composites  73,  90, 93 
coneflower  90, 112 

plantainleaf  112 

rough  112 
Conium  maculatum  125 
Conoclinium  coelestinum  99 
Conyza  canadensis 
var.  canadensis  98 
var.  pusilla  97 
conyza,  horsetail  97 
copperleaf 

hophombean  119 

slender  119 

Virginia  119 
Coreopsis 

gladiata  95 

lanceolata  95 

major  95 

tripteris  95 
coreopsis,  thickleaf  95 
crabgrass  27,  33,  34,  54 

hairy  48 


shaggy  48 

slender  48 

southern  48 

violet  48 
Crotalaria 

brevidens  78 

intermedia  78 

purshii  78 

sagittalis  78 

spectabilis  78 
crot£ilaria 

arrow  78 

showy  78 

slenderleaf  78 
Croton 

argyranthemus  123 

var.  capitatus  123 
var.  lindheimeri  123 
glandulosus  var.  septentrionalis 

123 
monanthogynus  123 
croton 
northern  123 
one-seed  123 
silver  123 
wooUy  123 
Ctenmm 
aromaticum  46 
floridanum  46 
cudweed  92 
fragrant  102 
purple  102 
Cyperaceae  (sedge  family)  2,  60, 

73 
Cyperus  virens  63 
daisy  90 
dallisgrass  30 
dandeUon  90 
Danthonia 
compressa  47 

sericea  47  ' 

spicata  47 
danthonia 
downy  47 
flatstem  47 
poverty  47 
deers-tongue  116 
Desmodium  11,  79,  81 
ciliare  79 
laevigatum  79 
lineatum  79 
marilandicum  79 
paniculatum  79 
rigidum  79 
rotundifoUum  79 
viridifolium  79 
devils-shoestring  89 
Dichanthelium  14 


aciculare  15 

acuminatum  16 
var.  acuminatum  16 
var.  lindheimeri  16,  17 

boscii  19 

commutatum  19 

dichotomum  18 
var.  ensifolium  18 
var.  glabri  folium  18 

latifolium  19 

leucoblepharis 
var.  glabrescens  20 
v£ir.  leucoblepharis  20 

sabulorum  var.patulum  21 

scoparium  19 

sphaerocarpon 
var.  sphaerocarpon  22 
V£ir.  isophyllum  22 
Digitaria  27,  33,  54 

adscendens  48 

ciliaris  48 

filiformis  48 

ischaemum  var.  violascens  48 

sanguinalis  48 
var.  ciliaris  48 

villosa  48 

violascens  48 

teres  124 

virginiana  124 
dogfennel  98,  99, 100 
dropseed  26 

Curtiss  56 

Florida  56 

pineywoods  53, 58 
Drosera  118 
Echinacea  pallida  112 
echinacea,  pale  112 
Eleocharis 

microcarpa  64 

tuberculosa  64 
elephantfoot 

hairy  96 

leafy  96 
Elephantopus 

carolinianus  96 

elatus  96 

nudatus  96 

tomentosus  96 
£'/ymus 

canadensis  49 

interruptus  49 

villosus  49 

virginicus  49 
Eragrostis  59 

elliottii  50 

refracta  50 

spectabilis  50 
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Eremochloa  ophiuroides  43 
Erianthus 

alopecuroides  51 

contortus  51 

giganteus  51 

strictus  51 
Erigeron;  see  also  Conyza 

canadensis  9  8 

philadelphicus  97 

pulchellus  97 

pusillus  97 

v£ir.  beyrichii  97 

var.  strigosus  97 
tenuis  97 
Eryngium 
integri  folium  125 
prostratum  125 
yuccifolium  125 
eryngo 
creeping  125 
simpleleaf  125 
Eupanicum  14 
Eupatorium  98 
a/6um  98,  99, 100 
capillifolium  98,  99, 100 
coelestinum  99 
compositi folium  99,  100 
glaucescens  100 
hyssopifolium  98,  99,  100 
ivifolium  99 
leucolepis  99,  100 
perfoliatum  99,  100 
pilosum  101 
pubescens  101 
rotundifolium  98,  99, 101 

veir.  ovatum  101 

var.  rotundifolium  101 

var.  saundersii  101 
rugosum  99 
semiserratum  99,  100 
serotinum  99,  100 
eupatorium  98 
hoarscale  99,  100 

hyssopleaf98,99, 100 

ivyleaf  99 

late  99, 100 

roundleaf  98,  99, 101 

smallflower  99,  100 

white  98,  99, 100 
Euphorbia  126 

corollata  126 

zinniiflora  126 
Euphorbiaceae  (spurge  family)  119, 

122,  123,  126,  133,  134 
Euthamia  leptocephala  114 
false-indigo  74 
flatsedge,  green  63 


fleabane 

daisy  97 

prairie  97 
Futrena 

scirpoidea  65 

squarrosa  65 
Gaillardia  aestivalis  95 
gaillardia,  lanceleaf  95 
Galactia 

elliottii  80 

erecta  80 

macreei  80 

regularis  80 

volubilis  80 
Gamochaeta  purpurea  102 
gay  feather  90,  109 

Florida  109,  110 

Kansas  109,  110,111 

pinkscale  109.  110 

shortleaf  109,  110 

slender  109,  110 

spike  109.  Ill 
Gerardia  purpurea  120 
gerardia 

purple  120 

perennial  1 20 
Gnaphalium  92 

/ie//en  102 

obtusifolium  102 

purpureum  102 
goatsrue  89 
goldaster 

grassleaf  106 

Maryland  106 

soft  106 
goldenrod  90,  98 

fragrant  115 

rayless  94 

rough  115 

shiny  114 

slimheadll4 

tall  115 

wrinkled  115 
goobergrass  37 
Graminales  60 

Greunineae  (grass  family)  2,  60,  73 
grasslike  plants  60 
Gymnopogon 

ambiguus  52 

brevifolius  52 
hairsedge  64 
hawkweed  107 
Helenium 

amarum  103 

autumnale  103 

flexuosum  103 

nudiflorum  103 
Helianthus  102 


angustifolius  104 

floridanus  104 

hirsutus  105 
Helminthosporium  ravenelii  57 
Heterotheca 

graminifolia  106 

mariana  106 

pilosa  106 

subaxillaris  106 
Hieracium  gronovii  107 
horseweed  97 
Houstonia  nigricans  130 
hurrahgrass  33 ,  35 
Hymenopappus 

artemisiifolius  108 

scabiosaeus  108 
indiangrass  5 

lopside  55 

slender  55 

yellow  28,  51,55 
indian-tobacco  92 
itchgrass  45 
ironweed 

pinebarrens  117 

Texas  104, 117 
jointtEiil  45 

Carolina  45 

lattice  45 

wrinkled  45 
Juncaceae  (rush  family)  2,  60,  73 
Juncus 

biflorus  68 

brachycarpus  70 

coriaceus  69 

dichotomus  71 

effusus  v£ir.  solutus  69 

marginatus  68 

polycephalus  72 

scirpoides  70 

tenuis  71 

validus  72 
junegrass  47 

Labiatae  (mint  family)  130, 135 
ladies-tobacco  92 
legumes  73 

Leguminosae  (legume  family)  73 
Lespedeza  79 

6jco/or  81 

/ijrto  81 

repens  81 

striata  81 

uirginica  81 
lespedeza  79,  86 

bicolor81 

common  81 

creeping  81 

hairy  81 

slender  81 
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Liatris  109 

acidota  110 

elegans  110 

garberi  110 

pycnostachya  111 

spicata 
var.  resinosa  111 
var.  spicata  111 

tenui folia  110 
lovegrass  59 

coastal  50 

Elliott  50 

purple  50 
maidencane  14,  24 

blue  37 
Manisuris  45 

cylindrica  45 

exaltata  45 
meadowbeauty 

common  131 

Maryland  131 

yellow  131 
Medicago  spp.  73 
Melastomataceae  (melastoma 

family)  131 
Melilotus  spp.  73 
mercury,  three-seeded  119 
milkpea 

downy  80 

erect  80 

shapely  80 
milkweed 

broadleaf  121 

butterfly  118, 121 

green  121 

red  121 

sandhill  121 

spider  121 

white  121 
mimosa  84 
mist-flower  99 
Mitchella  repens  127 
mountainmint 

cluster  130 

neirrowleaf  130 

slender  130 

whiteleaf  130 
Muhlenbergia 

capillaris  53 

expansa  53 
muhly 

cutover41,46,  53,  58 

hairawn  53 
noseburn 

heartleaf  134 

nettleleaf  134 

Small  134 

wavy  leaf  134 


oatgrass,  poverty  47 
old-field-balsam  102 
p£iille-fine  24 
Panicum  14 

aciculare  15 

anceps  23 
var.  anceps  23 
var.  rhizomatum  2  3 

angustifolium  15 

brachyanthum  27 

chamaelonche  18 

ciliatum  20 

glabrifolium  18 

hemitomon  24 

hians  29 

lancearium  21 

lanuginosum  16 

latifolium  19 

lindheimeri  17 

polycaulon  20 

repens  25 

sphaerocarpon  22 

tenerum  26 

verrucosum  27 

virgatum  28 
panicum  14,  36 

beaked  14,  23,  28 

bluejoint  26 

delicate  18 

gaping  23,  29 

lance  21 

Lindheimer  16, 17 

httle  20 

"low"14,  15,  17,  18,  19,  20,  21, 
22 

narrowleaf  15 

needleleaf  15 

pimple  27 

roundseed  22 

spreading  23,  28 

"true"  14,  23,  25,  26,  27,  28,  29 

variable  19 

velvet  19 

warty  27 

wideleaf  19 

wooUy  16 
parsnip  125 
partridgeberry  127 
partridgepea  89 

sensitive  75 

showy  75 
Paspalum  30,  36 

ciliatifoliuni  33 

dilatatum  30 

floridanum  31 
var.  floridanum  3  1 
var.  glabratum  31 

longepedunculatum  34 


notatum  30 

plicatulum  32 

pubescens  35 

setaceum  33,  35 
var.  ciliatifolium  33 
var.  longepedunculatum  34 
var.  muhlenbergii  35 

urvillei  30 
paspalum  30 

barestem  33,  34,  35 

brownseed  32 

Florida  5,31 

fringeleaf33,  34,  35 
peanut  37,  73 
peas  73 

pencilflower  86 
Phlox  135 
phlox  135 
Phytolacca 

americana  128 

rigida  128 
pigeonwings,  Atlantic  76, 77 
pitcherplant  46 
pleurisy-root  121 
plumegrass 

bent-awn  51 

giant  51 

narrow  51 

silver  5 1 
Polypodiaceae  (fern  family)  129 
poison-hemlock  125 
pokeweedll8, 128 
poor- joe  124 
poverty  grass  47 
Pteridium  aquilinum  var. 

pseudocaudatum   129 
purpletop  59 
pussytoes  102 

plantainleaf  92 
Pycnanthemum 

albescens  130 

flexuosum  130 

muticum  130 

tenuifolium  130 
queensdelightl22, 133 
rabbit-tobacco  102 
ragweed 

common  91 

giant  91 

lanceleaf  91 

western  91 
rattleboxes  78 
razorsedge 

annual  67 

fringed  67 

httle  67 

whip  67 
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Rhexia 

alifanus  131 

lutea  131 

maiiana  131 

petiolata  131 

virginica  131 
Rhynchosia 

difformis  82 

latifolia  82 

minima  82 

reniformis  83 

tom.entosa  82 
rhynchosia 

broadleaf  82 

doUarleaf83 

erect  82 

hairy  82 

least  82 
Rhynchospora 

cephalantha  66 

comiculata  66 

fascicularis  66 

globularis  66 

glomerata  66 

inexpansa  66 
rich  weed  91 
rosinweed 

sand  113 

slender  113 

wholeleaf  113 
Rottboellia  exaltata  45 
Rubiaceae  (madder  family)  127 
Rudbeckia 

grandiflora 
var.  alismatifolia  112 
var.  grandiflora  112 

Airta  112 
Ruellia 

caroliniensis  132 

ciliosa  132 

humilis  132 

pedunculata  132 
rush  60 

common  69 

flatleaf  72 

hemp  71 

leathery  69 

needlepod  70,  72 

poverty  71 

rice  69 

roundhead  72 

soft  69 

twinflower  68 

whiteroot  70 

wiregrass  71 
sagegrasses  2 
St.  Augustiiiegrass  43 
Sarracenia" spp.  46 
Schizachyrium  2 
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rhizomatum  12 

scoparium  1, 11 
var.  divergens  1 1 

stoloniferum  12 

tenerum  13 
Schrankia 

hystricina  84 

nuttallii  84 

microphylla  84 

uncinata  84 
Sc/e/ra 

ciliata  67 

georgiana  67 

reticularis  67 

triglomerata  67 
Scrophulariaceae  (figwort  family) 

120 
seaoats  44 
sedge  60 

blue  61 

Frank  61 

lurid  62 

southern  61 
sensitivebrier 

catclaw  84 

littleleaf84 
Setaria 

geniculata  54 

glauca  54 

lutescens  54 
silktree  84 
silkyscale 

green  38 

purple  38 
Silphium 

asteriscus  113 

compositum  ssp.  ovatifolium  113 

gracile  113 

intergrifolium  113 

laciniatum  113 
Sisyrinchium  72 
skeletongrass 

bearded  52 

slim  52 
smutgrass,  rat-tail  57 
snakeroot,  white  98,  99, 100 
sneezeweed 

bitter  90, 103 

common  103 

purplehead  103 
snoutbean,  hairy  82 
So/idag'o 

altissima  115 

canadensis  var.  scabra  115 

leptocephala  114 

nitida  114 

odora  115 

radula  115 

rugosa  115 


Sorghastrum 

avenaceum  55 

elliottii  55 

nutans  55 

secundum  55 
Sphenopholis  filiformis  29 
spikegrass  44 
spikesedge 

annual  64 

conecap  64 
Sporobolus  26 

curtissii  56 

indicus  57 

flondanus  56 

junceus  58 

poirettii  57 
spurge,  flowering  122, 126 
Steinchisma  hians  29 
Stenotaphrum  secundatum  43 
sticktights  79 
Stillingia 

sylvatica  133 

treculiana  133 
Strophostyles 

helvola  85 

leiosperma  85 

umbellata  85 
Stylosanthes  biflora  86 
sundew  118 
sunflower  90, 102 

hairy  105 

swamp  104,  105,117 
swallow- wort  121 
sweet-everlasting  102 
switchgrass  5, 14,  25,  28,  55 
Tephrosia 

onobrychoides  87 

spicata  88 
var.  semitonsa  88 

virginiana  89 
tephrosia 

brownhair  87, 88, 89 

Virginia  89 

weak  87,  88,  89 
Terrellgrass  49 
threeawn 

arrowfeather  39, 40 

bottlebrush  40 

churchmouse  40 

oldfield  40 

pineland  12,  20, 40, 41,  56 

slimspike  40 
tickclover  77,  79,  80 .  81, 86 

littleleaf  79 

Maryland  79 

panicled  79 

rigid  79 

roimdleaf  79 

sand  79 


smooth  79 
velvetleaf  79 

tickseed  95 

ticktrefoils  79 

toothachegrass  46 

torpedograss  25 

Tragia 
cordata  134 
smallii  134 
urens  134 
urticifolia  134 

treadsoftly  122 

Tridens 
ambiguus  59 
carolinianus  59 
flavus  59 
strictus  59 

tridens 
Carolina  59 
longspike  59 
pinebarren  59 
purpletop  59 

Trifolium  spp.  73 

Trilisa 
odoratissima  116 
paniculata  116 

trilisa 
hairy  116 
vanilla  116 

tumbleweed  50,  52 


turkey-foot  5 

Umbelliferae  (parsley  family)  125 

umbreUa-grass 

common  65 

hairy  65 
umbrella-sedge  65 
Uniola 

paniculata  44 

sessiliflora  44 
uniola 

broadleaf  44 

longleaf  44 

spike  44 
vaseygrass  30 
Verbena 

brasiliensis  135 

canadensis  135 

halei  135 

hybrida  135 

tenuisecta  135 
verbena 

garden  135 

moss  135 

rose  135 

slender  135 
Verbenaceae  (verbena  family)  135 
Vemonia 

angustifolia  117 

texana  117 
vervain  135 


water- hemlock  125 
water-plantain  112 
wedgescale,  longleaf  29 
wildbean 

perennial  85 

slickseed  85 

traihng  85 
wildindigo 

Atlantic  74 

Nuttalll,73,74 

pineland  74 

round  74 

whitestem  74 

yellow  74 
wild-petunia  132 
wildrye 

Canada  49 

hairy  49 

Texas  49 

Virginia  49 
wiregrass  12, 13,  41 

flatleaf  56 
woollywhite 

flattop  108 

ragweed  108 
yankeeweed  99, 100 
yellowhead  94 
yucca  125 
zebra-plant  132 
zinna  90 
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Illustrations  and  descriptions  are  given  for  approximately 
125  species  of  grasses,  grasslikes  (sedges  and  rushes),  and 
forbs  representative  of  the  pine  and  pine-hardwood  forests 
of  the  southeastern  United  States. 
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